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PROFESORS VOLDEMARS FRICBERGS - SEGNETOELEKTRIBAS
ZINATNISKAS SKOLAS IZVEIDOTAJS LATVIJA

Andris Sternbergs
Latvijas Universitates Cietvielu fizikas institits

Fizikas zinatnu doktora Profesora Voldemara Fricberga (1926-1982) vards ir
viennozimigi saistams ar segnetoelektribas zinatniskas skolas izveidoSanu Latvija.
Prof. V.Fricbergs vienadi labi orient€jas eksperimenta un teorija, fizika un kimija.
Vips ir licis pamatus un izveidojis jaunu virzienu segnetoelektrisko cieto skidumu
izpéte. Prof. V.Fricbergs paradija ari keramisko cieto Skidumu pétiSanas bitiskas
priekSrocibas. Kimiska sastava variéSana, kas daudzos gadijumos ir praktiski
neiesp&jama segnetoelektrisko monokristalu audzeSana dara keramiskos cietos
Skidumus &rtus dazadu fizikalo paradibu, it seviski fazu pareju dabas izpete. Izpluduso
(diftizo) fazu pareju skaidroSanai Prof. V.Fricbergs ieteica izmantot priekSstatus par
polarizacijas termiskajam fluktuacijam, un izveidoja to aprakstam teoriju, balstitu uz
anharmoniska oscilatora modeli. Sos darbus pamatoti varam uzskatit par tagad tik
plasi pazistamo segnetoelektrisko relaksoru tematikas aizsakumu. 1968. gada Prof.
V Fricbergs nodibindja Segnetoelektriku un Pjezoelektriku Fizikas probléemu
Laboratoriju, kura 1978. gada ieklavas LU CFI, Prof. Fricbergam kliistot par Institiita
Direktora vietnieku zinatniskaja darba. Prof. V.Fricbergs bija lielisks organizators un
skolotaju zinatniskas petniecibas lauka, erudits un talantigs macibu speks Universitate,
un tiesi vina lekcijas daudzi talantigi studenti izv€lgjas savu nakamo zinatniska darba
virzienu. Prof. V. Fricbergs bija plasi atpazits specialists un autoritate arvalstu
zinatnieku aprindas.

PROFESSOR VOLDEMARS FRICBERGS - THE FOUNDER OF
THE RESEARCH SCHOOL OF FERROELECTRICITY IN LATVIA

Andris Sternberg
Institute of Solid State Physics, University of Latvia

Professor Dr.phys. Voldemars Fricbergs (1926-1982) was the founder of a scientific school of
ferroelectricity in Latvia. Prof. V.Fricbergs was equally competent in experiment and theory,
in physics and chemistry. He introduced and created a new trend in research of ferroelectric
solid solutions. Prof. Fricbergs also showed a significant benefit of research of ceramic solid
solutions. Modification of chemical composition, which in many cases is practically
impossible in case of ferroelectric single crystal growing, make ceramic solid solutions
convenient for study of various physical phenomena , in particular, for study of peculiarities
of phase transitions. For interpretation of diffuse phase transitions Prof. V.Fricbergs
suggested to describe the thermal fluctuations of polarization, and set up the theory, based on
anharmonic oscillator model. These studies can be regarded as sound outset of today well-
known and progressing field of ferroelectric relaxors. In 1968 Prof. V.Fricbergs founded the
Problem Laboratory of Physics of Ferroelectrics and Piezoelectrics, which in 1978 joined the
ISSP UL. Prof. V. Fricbergs became the Deputy Director for research at the Institute. Prof.
V. Fricbergs was a great organizer, erudite and talented teacher at the University, and during
his lectures many talented students make a choice for their future research way. Prof.
V. Fricbergs was well recognized expert and authority in the local and international scientific
community.
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PROFESORS VOLDEMARS FRICBERGS (24.06.1926. — 02.08.1982.) — 90
Janis Jansons
Latvijas Universitates Cietvielu fizikas institiits

Voldemars Fricbergs ir viens no pirmajiem otras paaudzes LU sagatavotajiem

fizikiem. Vipa akadémisko izglitibu sekm&jusi pirmas paaudzes fiziki L. Jansons,
A. Jansone, A. Apinis, J. Cudars I. Everss, V. Smélings. Vin$ bija izcili apdavinits,
1sa laika péc Universitates beigSanas uzgaja jaunu virzienu cietvielu fizika —
segnetoelektriku fiziku, izveidoja §1 novirziena laboratoriju un savu segnetoelektriku
skolu, kas kluva pazistama visa pasaulg.
Jevdokijas Fricbergu gimeng ka tresais un pédg&jais bérns. No 1933. 1idz 1938. gadam
macijas Rigas pilsetas 47. pamatskola, pec tam iestdjas Rigas pilsétas 1. vidusskola.
Taja vinS macijas lidz 1944. gadam. Kad 1944. gada vasara vacu okupacijas vara
izsludingja jaunieSu mobilizaciju, Voldemars neieradas uz iesaukumu, bet slépas no
Zandarmiem pie brala Aleksandra Talsu aprinki Strazd€. Tur vin$ palidzgja bralim
farmaceitam stradat Strazdes aptieka. P&c vacu okupacijas beigam 1945. gada maija
Voldemars iestajas Latvijas Valsts universitates (LVU) sagatavoSanas kursos, kur
nokartoja ka eksterns vidusskolas beigSanas eksamenus. Jaatzimeé, ka vinam visas
atzimes gatavibas aplieciba bija teicamas [1].

Ta paSa gada rudent V. Fricbergs iestajas LVU Fizikas un matematikas fakultate,
lai studétu fiziku. Ta ka tévs no 1942. gada bija kluvis par invalidu (dalgji paraliz&ts)
un sapéma nelielu pensiju, un mate ari nebija darba spgjiga, studiju laika
V. Fricbergam bija griuti materialie apstakli. Tomé&r vinS loti sekmigi macijas,
piedalijas Studentu zinatniskas biedribas (SZB) organiz€Sana un darba, bija LVU SZB
padomes sekretars. Vins$ bija arT kursa vecakais. 1947. gada iestajas komjaunatné un
pec gada tika ievelets par fakultates komjaunatnes pirmorganizacijas sekretaru.

Pec loti sekmigo studiju pabeigSanas 1950. gada, V. Fricbergs tika pienemts
darba par asistentu Eksperimentalas fizikas katedra (EFK). Uz vina iesnieguma ar
luogumu ieskaitit darba katedras vaditajs L. Jansons uzrakstijis: “lesniegumu silti
atbalstu! Asistents Eksperimentalas fizikas katedrai nepiecieSams!” Ta sakas
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V. Fricberga akadeémiska darbiba. Sakuma ar studentu praktisko un laboratorijas
darbu vadisanu [2].

1952. gada novembri V. Fricbergs iestdjas aspirantira LVU Fizikas un
matematikas fakultate. Lidztekus vin$ bija komjaunatnes Kirova rajona komitejas
partijas biedru. Partijas bilete bija nepiecieSama, lai augSana netiktu bremz&ta no
partijnieku puses, ka tas, piem., bija ar doc. L. Jansonu, kas [idz miZa beigam bija
tikai katedras vaditaja vietas izpilditajs.

Aspiratiiras teoretisko dalu V. Fricbergs sekmigi beidza 1955. gada oktobrT un
tika ieskaitits par vecako pasniedz&u EFK. Vin$ turpindja aspirantiira aizsaktos
petijumus par fotojutigu kristalu (KCI un ZnS) elektriskam 7ipasibam. legiitos
rezultatus V. Fricbergs apkopoja fizikas un matematikas zinatnu kandidata disertacija.
Bet tieSi taja pasa laika zinatniskos Zurnalos tika public@ti Leningradas un Vacijas
federativas republikas zinatnieku lidzigu pétijumu analogiski rezultati. Sakara ar to
V. Fricbergs savu disertacijas darbu aizstavéSanai neiesniedza. Stingrs zinatniskas
gtikas normu ieveros$ana vins turpindja biit visu savu miiZzu gan attieciba pret sevi, gan
pret saviem nakamajiem audz€kniem [3].

V. Fricbergs turpinaja stradat EFK par vec. pasniedz&ju un veidoja Dielektriku
fizikas laboratoriju. Kimijas fakultaté Silikatu tehnologijas katedra E. Freidenfelds ar
kolegi A. Apsiti saka sintez&t jaunus cietvielu materialus: segnetokeramiku un
pjezokeramiku. Tos vini kaus€ja krasnis Laboratoriju €kas pagrabstava Kronvalda
bulvari 4. Vini 1956. gada sazinajas ar V. Fricbergu, kas darbojas tas paSas €kas
ceturtaja stava Dielektriku laboratorija, noluka, lai fiziki izp&titu So jauno materialu
elektrofizikalas tpasibas, seviski dielektrisko caurlaidibu atkariba no temperatiiras un
citem faktoriem. ST sadarbiba Dielektriku fizikas laboratorija uzsaka jaunu
petniecibas virzienu: segnetoelektriku un pjezoelektriku fiziku. Jau 1957. gada LZA
Vestis Nr. 7 (120) tika nopublicéti pirmie rezultati par CaO-BaO-TiO, sist€mas
keramikas dielektriskajam 1pasibam; autori A. Apsitis, E. Freidenfelds un
V. Fricbergs.

Dielektriku laboratorija 1960. gada sakara ar Rigas Politehniska institiita
atjaunoSanu tika parcelta no Kronvalda bulvara 4 uz telpam Raina bulvara 19 un tika
pardéveta par Cietvielu fizikas laboratoriju. leglito materialu struktiiras pétfjumos
iesaistyjas J. Krucans ar rentgendifraktometrijas metodes pielietoSanu. V. Fricbergas
no iegiitiem eksperimentalajiem rezultatiem attapigi secindja, ka pétitie cietie Skidumi
raksturojas ar izpluduSam (diftzam) segnetoelektriskam fazu parejam. To
skaidroSanai vin§ ieteica izmantot priekSstatus par polarizacijas termiskam
fluktuacijam. Tads fazu parejas modelis tika izstradats 1961. gada kopa ar teorétiki
B. Rolovu, velako Teorétiskas fizikas katedras vaditaju un profesoru. Visus Sos
petijumu rezultatus V. Fricbergs apkopoja disertacijas darba, to aizstavéja 1962. gada
1. marta Leningradas valsts universitaté un ka pirmais Latvija ieguva fizikas un
matematikas zinatpu kandidata gradu segnetoelektriku fizika. 1965. gada 16. oktobr1
vin$ ieguva arl docenta nosaukumu eksperimentalaja fizika. Ar labi pardomatam un
rupigi sagatavotam lekcijam, ka ari ar emocionalu un iedarbigu izklasta veidu
V. Fricbergs piesaistija specializéties segnetoelektriku fizika daudzus studentus.
Labakie no viniem péc FMF absolvésanas saka stradat V. Fricberga vadiba Cietvielu
fizikas laboratorija [4].

V. Fricbergs 1962. gada 10. april1 tika apstiprinats ka konkursa ievéléts par
LVU Fizikas un matematikas fakultates dekanu. Saja amata vin3 nostradaja lidz
1966. gada 14. martam, Iidztekus lasot lekcijas un vadot Iidzstradnieku darbus
Cietvielu fizikas laboratorija.

Doc. V. Fricberga vadiba tika sakti perovskita struktiiras segnetoelektrisko cieto
Skidumu kompleksie petijumi. Meérkis bija noskaidrot kimiska sastava ietekmi uz
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keremisko segnetoelektriku kristalisko strukttiru un tas iespaidu uz vielas fizikalajam
ipasibam, to skaitd uz faZu parejas veidu. Lai iegiitu vajadzigos materidalus, 1960.
gadu otraja pusé tika izveidota sava kimiku tehnologu-inZenieru grupa (I. Veismane,
D. Sitca, A.Dobre, A.Kalvane, K. Karlsons, A. Tupulis, R. Lapsins) un iekartota
krasnu telpa” paraugu sintézei. Ar V. Fricberga laboratoriju labi sadarbojas
J. Kruana rentgenstruktiiranalizes grupa (V. Freimanis, vélak ari L. Sebanovs,
I. Brante, B. Labrence), kas bija izvietojusies stavu zemak. Komplekso pétijumu
veikSanai tika izstradatas jaunas eksperimentalas metodes, lai tiktu meriti:

— termiskie raksturlielumi ka siltumvadamiba, siltumietilpiba (K. Bormanis,
A. Simanovskis);

— dielektriskie parametri superaugstfrekvencu (SAF) diapazona (A. Broks,
Z. Tunkuns, velak arT Z. Takere, R. Olehnovica);

—reversiva dielektriska nelinearitate (G. Grinvalds, velak arT A. Gajevskis);

— polarizacijas dinamika (A. Kriimin$, A. Bulis);

— elastiskie parametri ar ultraskanas metodém (G. Grinvalds, 1. Perro, vélak ari
A. Rubulis);

— elektromehaniskie parametri, elektrostrikcija (E. Purins);

— dielektriskas Tpasibas zem augsta hidrostatiska spiediena (P. Fricbergs).

Fazu parejas 1patnibas segnetoelektriskos monokristalos, ka arT keramiskas
planas plaksnit€s un atseviskos graudos, izmantojot optiskas metodes (spontana
dubultlauSana, gaismas izkliede) kombinacija ar rentgenstruktiiras metodeém, saka
petit J. Zvirgzds, velak ar1 J. Zvirgzde un P. Kapostins. Segnetoelektrisko fazu pareju
teorétiskai analizei piesaistijas ar1 T. Romanovskis.

Lidztekus doc. V. Fricbergs noorganiz€ja ar1 radioelektroniku grupa
(G. Nesaule, M. Logins, A.ReZeps, M. Dreimanis, E. Sitcs, A. Brants, vélak arl
A. Viesturs, J. Popovs). Ta buvgja meéraparatiru un pildija laboratorijas pirmos
ligumdarbus. No 1966. Iidz 1968. gadam tika izgatavotas piecas kompleksas iekartas
segnetoelektriku dielektrisko un polarizacijas raksturlielumu mériSanai.

Pirmo komplicéto tehnologisko ligumdarbu izpildija kimiku tehnologu grupa
kopa ar fizikiem. Tika izgatavoti liela izm@ra pjezocilindri, veicot to efektivu
polarizésanu un elektromehanisko parametru optimiz€Sanu. Turpmako ligumdarbu
pasutitaji bija elektromehaniskie ripniecibas uznémumi gan Latvija, gan arT Maskava,
Leningrada u. c.

Doc. V. Fricberga rosinati tika uzsakti pirmie méginajumi, lai ieglitu un izpétitu
segnetoelektriskas planas kartinas (V. Sepelevs, L. Sebanovs) un segnetoelektriskas
biezas kartinas un kompozitus (A. Sternbergs, U. Iljins). M&gindja segnetoelektriskas
kartinas izmantot informacijas ierakstam (ligumdarbs ar Vilpas Elektrografijas
zinatniski petniecisko institttu).

V. Fricberga vaditais zinatniskais kolektivs pagaju$a gadsimta seSdesmitajos
gados bija veicis saméra lielu un nozimigu pétniecisko darbu. To novertgja
segnetoelektriku pétnieki gan Padomju Savieniba, gan ari arvalstis. Saja sakard
VI Vissavienibas konferenci par segnetoelektrikiem noléma rikot Riga, LVU
1968. gada 15.— 18. maija. Taja piedalijas vairak ka 300 zinatnieki no se$am
republikam, ka ari parstavji no Vacijas, Cehoslovakijas un Polijas.

KonferencE miisu segnetoelektriku p@tnieku zinotie rezultati ieguva plasu
ievéribu un atzinibu. Tas bija ka labs iemesls, lai ta pasa gada 1. oktobrT uz
Eksperimentalas fizikas katedras Cietvielu fizikas laboratorijas pamatiem tiktu
nodibinata LVU Segnetoelektriku un pjezoelektriku fizikas problému laboratorija
(SPFPL). To noorganizgja un turpmak uznémas vadit doc. V. Fricbergs.

Jauna doc. V. Fricberga vadita SPFPL pakapeniski kluva par vienu no PSRS
vadosajiem centriem segnetoelektrisko cieto Skidumu fizikalo paradibu petijumos.
Laboratorijas lidzstradnieki veica aptveroSu un sistematisku zinatniskas pé&tniecibas
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darbu. Pasi sintez&ja un mérktiecigi meklgja jaunus segnetoelektriskos materialus, tos
izpétija un noskaidroja praktiskas lietoSanas iespgjas.

Ipass posms prof. V. Fricberga zinatniskaja darbiba sakas, kad vins, pateicoties
savai intuicijai un plasajam redzes lokam, paredzgja, ka nakotn€ biitisku nozimi iegiis
caurspidiga segnetoelektriska keramika. AtgrieZoties no II starptautiskas konferences
segnotoelektriku fizika, kas notika Kioto pilséta Japana 1969. gada, vins$ parliecinaja
savus Iidzstradniekus sakt arT caurspidigu segnetoelektriku keramiku sint€zi un
petniecibu. Vina vadiba So materialu iegiSanas sastavdalas un caurspidigo keramiku
sint€zes tehnologiju izstradaja A. Dobre, M. Dambekalne, M. Antonova, M. Livins,
O. Balodis, A. Brants, I. Bruveris, I Priedniece, I. Krupska, L.Ravina, I. Silins,
A. Dirba. Ooptiskas, elektrooptiskas, nelineari optiskas, akustiskas, termiskas Ipasibas
un fotoinducétds un elektroniskas paradibas caurspidigaja keramika pétija
A. gternbergs, U. Iljins, V. Dimza, G. Liberts, A. Krumins, A. Kapenieks, M. Ozolins,
T. Romanovskis, M. Smite, E. Klotins, A. Sprogis, M. Stripnieks, I. Perro, J. Harja.
Atseviska grupa nodarbojas ar materialu fazu struktiiras analizi, kurd ietilpa
L. Sebanovs, 1. Brante, P. Kaposting, ka arT cita grupa ar mikrostruktiiras optiskiem
petijumiem — J. Zvirgzds, A. Spile, O. Cirule, A.Plaude, I. Klotina. Ar neitronu
aktivacijas analizi nodarbojas 1. Popova [3, 4].

Sis augligais zinatniskas darbibas periods doc. V. Fricbergam noslédzas ar
doktora disertacijas “Fizikalas paradibas perovskita tipa segnetoelektriskajos cietajos
Skidumos” aizstavéSanu Tartu valsts universitaté un doktora grada pieskirSanu
25. novembri. Ta bija jauna robeZlinija — pirmais zinatnu doktors un pirmais profesors
segnotoelektriku fizika Latvija [3, 4]. Ar LPSR Augstakas padomes prezidija dekrétu
1979. gada 7. februarm par nopelniem fizikas zinatnu attisttba un augsti kvalificétu
specialistu sagatavosana prof. V. Fricbergam tika pieSkirts LPSR Nopelniem bagata
zinatnes darbinieka goda nosaukums.

1970. gadu sakuma LVU Pusvaditaju fizikas problému laboratorija (PFPL) saka
buvet jaunu laboratoriju €ku Kengaraga iela 8. Projekts bija verienigs, tapec jaunaja
eka bija daudz telpu, ko viena pati PFPL sakuma nebija spgjiga apgtt. PFPL vadiba
prof. V. Fricbergam piedavaja savu SPFPL parcelt arT uz Kengaraga jauno &ku.
Prof. V. Fricbergs ne bez svarstiSanas, lai nepazaud€tu savas laboratorijas patstavibu,
un péc strikta solfjuma, ka patstaviba tiks noteikti saglabata, piekrita §Tm solim. Ta art
vina laboratorijas darbinieki saka aktivi piedalities jaunas laboratoriju €kas biivnieciba.
jaunajam telpam Kengaraga. Sakuma jauno €ku, uz kuru parcélas ari Pusvaditaju
fizikas katedra, nodév€ja par Macibu un zinatnisko kompleksu. Tas vadibai tika
izveidota Apvienota padome, par kuras priekSsédetaju nozimeja PFPL vaditaju J. Zaki,
bet par vietnieku — SPFPL vaditaju V. Fricbergu.

SPFPL bija ieguvusi plasas telpas (600 kvadratmetri) laboratorijam un
kabinetiem €kas 4. stava un segnetoelektriku sintézes iekartu telpas 1. stava. Darbs
turpindjas ar jaunu sparu un daudziem jauniem darbiniekiem un studentiem. Ar
kopé&jam piilem dazu gadu laika Macibu un zinatniskais komplekss partapa 1978. gada
24. marta par LVU Cietvielu fizikas instititu (CFI) ar vairakdm nodalam, no kuram
viena bija Segnetoelektriku fizikas nodala, par kuras vaditadju péc véléSanam
apstiprinaja prof. V. Fricbergu 1978. gada 26.julija. VinS tika noziméts ar
1. septembri ar1 par CFI direktora vietnieku zinatniskaja darba sabiedriska karta [2].

Jaunaja mitn€ prof. V. Fricberga vadiba tika aizsakts darbs par sareZgita sastava
oksidu pétiSanu un iegiifanas apstaklu ietekmi uz materialu fazu sastavu. Saja
materialu grupa izpaudas t. s. relaksoru Tpasibas. Tika arT iegiti originali caurspidigas
keramikas sastavi un par tiem iegiitas izgudrojumu autorapliecibas. Praktiskaja lauka
tika izveidoti gaismas modulatori un slédZi, vadamie transparenti un ciparu indikatori
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uz ar lantanu modific€tas svina cirkonata titanata keramikas bazes. Segnetoelektriku
fizikas nodalas kolektivs izveidojas par vienu no vadoSajiem centriem caurspidigas
segnetokeramikas pétijumos. Tapéc 1982. gada aprili tam uzticEja organizét pirmo
starpresoru seminaru par t€mu “Caurspidigas segnetokeramikas izstrade, izp€te un
lietoSana”. Par seminara organizacijas komitejas  priekSsédetaju  iecéla
prof. V. Fricbergu.

V. Fricbergs zinatniskos meklgjumus vienm&r veica, sadarbojoties ar
vadosajiem specialistiem segnetoelektriku p€tnieciba Vissavieniba un arl arzemes.
Vin$ darbojas trijas Vissavienibas méroga zinatniskas padomes, kas koordingja
zinatniskas pétniecibas darbus: “Segnetoelektriku un dielektriku fizika” PSRS ZA,
biidams §1s padomes biroja loceklis, ‘“Pusvaditaju materialu zinatnes fizikali kimiskie
pamati” PSRS ZA, “Segneto- un pjezoelektrisko materialu iegtiSana un izmantosana”
PSRS Ministru padomes Valsts zinatnes un tehnikas komiteja. Prof. V. Fricbergs bija
ar1 LPSR ZA Fizikas institiita zinatnisko gradu pieskirSanas specializ&tas padomes
loceklis [3].

Par V. Fricberga vadita kolektiva darba rezultatiem tika zinots un tos apsprieda
daudzas Vissavienibas un starptautiskas konferences par segnetoelektrikiem. Sakot ar
1969. gadu vins bija organizacijas komitejas loceklis visas PSRS notiekosas
konferenc€s un seminaros par segnetoelektribu. 1979. gada vinu uzaicinaja piedalities
starptautiska simpozija organiz€Sana par segnetoelektriku izmantoSanu Mineapolis€,
ASV. 1981. gada prof. V. Fricbergs uzstajas ar parskata referatu V Starptautiskaja
segnetoelektriku konferencé ASV. Vins nodibinaja zinatniskus kontaktus ar Vacijas,
Cehoslovakijas, Polijas, Dienvidslévijas, ASV, Japanas, Francijas un citu valstu
zinatniekiem.

Savus  zinatniskos darbus prof. V. Fricbergs apkopojis vairak neka
150 publikacijas un 5 izgudrojumu autorapliecibas. Vina vadiba izstradatas un
aizstavetas 12 disertacijas fizikas un matematikas zinatnu kandidata grada iegiiSnai:
J. Kru¢ans (1964), A.Krimin$ (1971), A.Broks (1974), J.Zvirgzds (1975),
J. Zvirgzde (1977), G. Grinvalds (1977), U.Iljins (1978), A. Sternbergs (1978),
M. Ozoling (1979), L. Sebanovs (1979), 1. Perro (1982), G. Liberts (1982) [3].

Prof. V. Fricbergs prata apvienot zinatnisko, pedagogisko, organizatorisko un
sabiedrisko darbu. Vin$ macgja popularizet fizikas zinasanas pres€, radio un televizija.
Vienmér vinam bija jaunekligs, rado$s nemiers un mérka sasniegSanas izjiita. Vins$
vienmér sekoja visiem sasniegumiem sava specialitaté un prata atrast un izvirzit sev
un lidzstradniekiem kvalitativi jaunas problémas pétniecibas darba. Vin$ bija
atsaucigs un iejutigs kolégis, skolotajs un vaditajs, kas loti daudz darija, atdodams
visus savus spekus zinatnei, pie tam ar patiesu atbildibas sajitu. Vinam ari patika
sabiedriskie pasakumi un jautriba. Prof. V. Fricbergu gan Universitate, gan visur citur
loti cienja.

Milziga darba slodze V. Fricbergam nepagaja bez sekam. Vinu saka mocit
hipertonija un tas blaknes. Atkartots infarkts 1982. gada 2. augusta tragiski paragri
dz€sa prof. V. Fricberga dzivibu. Universitates Lielaja aula 6.augustda no vina
atvadijas liels skaits pavaditdju un izvadija uz Pirmajiem MeZa kapiem. Tur vinu
apbedija blakus vecakiem netalu no Baltajiem krustiem blakus Aktieru kalninam. No
§1 laika LVU CFI Segnetoelektriku fizikas nodala nes profesora Voldemara Fricberga
vardu.

Veres:

1. LU Arhivs, Voldemara Fricberga studenta lieta, 5. apr., 1627. 1., 41 Ip.

2. LU Arhivs, Voldemara Fricberga darbinieka lieta, 7. apr., 7557. 1., 140 lp.

3. Profesors Voldemars Fricbergs: Personalais bibliografiskais raditajs / Sast. I. Zile. — Riga: P. Stuckas LVU,
1983. — 86 Ipp.

4. Sternbergs A. Segnetoelektriku fizika. — LU CFI Vastures lasfjumi 1998. gada 25. februari, referata teksts 23
Ipp., LU CFI atsevisks izdevums.
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LUMINISCENCE AR Er** DOPETOS 5
0.4Nay sBig sTi03-(0.6-x)SrTiO3-xPbTiO3; CIETAJOS SKIDUMOS

Marija Dunce, Eriks Birks, Anatolijs §arak0vskis, Jurgis Griibe,
Maija Antonova, Andris Sternbergs
Latvijas Universitates Cietvielu fizikas institits

Ieprieks§ esam paradijusi, ka 0,4Nag sBip 5TiO3-(0,6-x)SrTiOs-xPbTiOs (0,4NBT-(0,6-
x)ST-xPT) cietajos skidumos Iidz ar PT koncentracijas palielinaSanos no x=0,00 Iidz
x=0,25 notiek pakapeniska pareja no relaksoru uz klasisko segnetoelektrisko stavokli,
izejot cauri dazadiem starpstavokliem. Rentgenstaru difrakcijas pétijumi paradija, ka
§1s materialu grupas sastaviem, kas atrodas relaksoru stavokli, ir raksturiga
tetragonalas fazes un kubiskas fazes koeksistence. Savukart Ramana spektri, kas ir
jutigi pret lokalo simetriju kristalografiskaja rezgi, ir maz atkarigi no ta, vai konkrétais
sastavs atrodas relaksoru vai segnetoelektriskaja stavokli. ST darba markis ir
noskaidrot polara stavokla ietekmi uz luminiscenci ar Er’t dopétos 0,4NBT-(0,6-
x)ST-xPT cietajos $kidumos, salidzinot sastavus ar relaksoru un segnetoelektrisko
stavokli. Ierosinot ar 980 nm (4115/2—>411 1/2—>4F7/2) noverotas izteiktas augSup-
parveidotas luminiscences joslas zalaja (483/2—>4115/2 un 2H11/2—>4115/2) un sarkanaja
(4F9/2—>4115/2) spektra dala. Sastaviem ar lielakam PT koncentracijam novérots izteikts
otras optiskas harmonikas signals pie 490 nm. Luminiscences spektri un arT dziSanas
kingtikas ir pétiti sastaviem ar dazadam PT un Er’* koncentracijam.

LUMINESCENCE IN Er**-DOPED
0.4Nay 5Bip sTi03-(0.6-x)SrTiO;-xPbTiO; SOLID SOLUTIONS

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

Previously we have shown that a gradual transfer from relaxor to classical
ferroelectric state, passing various intermediate states, occurs in 0,4NajsBigsTiOs-
(0,6-x)SrTiO3-xPbTiOs (0,4NBT-(0,6-x)ST-xPT) solid solutions upon increasing of
PT concentration from x=0,00 to x=0,25. X-ray diffraction patterns have indicated
that coexistence of tetragonal and cubic phases is characteristic to the compositions of
this group of materials, which are in the relaxor state. Whereas Raman spectra, which
ar sensitive to a local symmetry in a crystallographic lattice, only weakly depend on
the fact if a particular composition is in relaxor or in ferroelectric state. The aim of
this work is to find out what is the influence of ferroelectric ordering on luminescence
properties in Er3+—d0ped 0.4Nay 5Bip5Ti03-(0.6-x)SrTiO3-xPbTiO3; solid solutions,
comparing compositions in the relaxor and the ferroelectric states. Upon excitation at
980 nm (4115/2—>4111/2—>4F7/2), well-expressed up-conversion luminescence bands were
observed in the green (453/2—>4115/2 and 2H11/2—>4115/2) and in the red (4F9/2—>4115/2) part
of spectrum. For the compositions with higher PT concentrations a pronounced
second optical harmonic signal was observed at 490 nm. Luminescence spectra and
decay kinetics are studied for the compositions with different PT and Er’*
concentrations.

This work has been supported by the National Research Program in the framework of project
“Multifunctional Materials and composites, photonics and nanotechnology (IMIS?)”.
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Nay sBiysTiO3-CaTiO; CIETO gKTDUN!U STRUKTURA UN
DIELEKTRISKAS IPASIBAS

Reinis Ignatans, Eriks Birks, Marija Dunce, Aina Plaude, Maija Antonova, Andris gternbergs
Latvijas Universitates Cietvielu fizikas institiits

Nay 5BiosTiO; un cietie skidumi uz ta bazes ir vieni no perspektivajiem materialiem,
kur§ varétu aizvietot industrija plasi lietotos svinu saturoSos segnetoelektriskos
materialus. NaysBipsTiO5 struktiiras saistiba ar ta fizikalam pasibam vél joprojam
raisa diskusijas, lai arT savienojums ir atklats 1961. gada.

Nay 5BipsTiO3-CaTiOs cieto Skidumu sisttma pat pie salidzinoSi nelielam kalcija
titanata koncentracijam doming tiram CaTiOs atbilstosa faze ar telpisko grupu Pnma.
Balstoties uz iegitajiem rezultatiem NagsBigsTiO3-CaTiO; cietajos Skidumos, tiek
piedavats modelis nepolarizéta NagsBipsTiOs; kristaliskai struktiirai pie istabas
temperatiras ka divu fazu — nepolaras Pnma un polaras R3¢ — maisfjums. Sads
modelis Jauj izvairities no lielam rezga parametru atskiribam romboedriskai (R3c)
fazei polarizeta stavokli un nepolarizeta stavokl, ka arT tas Jauj paskaidrot dielektrisko
caurlaidibu Iikn€s noveroto no elektriska lauka frekvences atkarigo plecu.
Identificétas anomalijas dielektriskas caurlaidibas likn@s, kas atbilst fazu parejai starp
Prnma un P4bm fazem.

STRUCTURE AND DIELECTRIC PROPERTIES OF NaysBiysTiOs-
CaTiO; SOLID SOLUTIONS

Reinis Ignatans, Eriks Birks, Marija Dunce, Aina Plaude, Maija Antonova, Andris Sternbergs
Institute of Solid State Physics, University of Latvia

NaysBipsTiOs and solid slutions based on it are one of the most perspective materials
to substitute lead containing ferroelectric materials widely used in industry.
Connection between NagsBigsTiO3 structure and its physical properties is discussed
even nowadays, although this compound was discovered in 1961.

In NagsBig5Ti103-CaTiO; solid solutions even with low calcium titanate
concentrations dominant phase is with space group Pnma just as in pure CaTiOs.
Based on results obtained from NagsBipsTiO3-CaTiOs system, a model for non-poled
NaysBipsTiOs crystalline structure at room temperature is proposed as a two phase
mixture - non-polar Pnma and polar R3c. This model avoids large discrepancies
between rhombohedral phases (R3c¢) lattice parameters in poled and non-poled states
also it gives explanation for the appearance of the frequency-dependent shoulder in
dielectric permittivity graphs.

Dielectric anomalies have been identified which correspond to phase transition
between Pnma and P4bm phase.
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RADIACIJAS INDUCETA OPTISKA ABSORBCIJA PLZT KERAMIKA

Donats Millers, Kri§janis §mits, Martins Vanks, Larisa Grigorjeva, Reinis Ignatans,
Vilnis Dimza
Latvijas Universitates Cietvielu fizikas institits

Iedarbojoties ar paatrinatiem elektronu kiila impulsiem vai ar7 ar rentgenstariem PLZT
keramika inducéta optiska absorbcija spektra apgabala no 1,2 eV Iidz 2,9 eV. Inducéta
optiska absorbcija saistita ar joniz&josa starojuma iedarbiba radito elektronu un
caurumu lokalizaciju uz keramika esoSajiem defektiem, ka ari iesp&ams retzemju
jona La’* tuvuma. Inducéta optiska absorbcija pétita apstarojot PLZT keramiku pie
dazadam temperatiiram apgabala no 90 K Iidz 670 K. Pie 300 K un augstakam
temperatiram novérojama galvenokart 1si dzivojoSa inducéta optiska absorbcija,
savukart pie 90 K noverojama stabila, ilgi dzivojoSa inducéta optiska absorbcija.
Inducétas optiskas absorbcijas kinétiku izmainas norada, ka PLZT keramika ir gan
sekli gan arT dzili energétiskie ITmeni, kuros iesp&jama joniz&josa starojuma generéto
ladignes&ju lokalizacija. legiito rezultatu analize, kurd izmantoti ari literattra
atrodamie ar EPR metodi iegiiti dati, liek domat, ka induc€to optisko absorbciju
vismaz dal&ji nosaka pamatvielas jonu ladinu stavoklu maina. Iesp&jams, ka $ada
ladinu stavoklu maiga pamatvielas joniem dod ieguldjjumu materiala elektriskas
polarizacijas procesa.

RADIATION INDUCED OPTICAL ABSORPTION IN THE PLZT CERAMICS

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

The optical absorption was induced in PLZT ceramics under accelerated electron
beam pulses as well as under X-ray irradiation. This absorption covers spectral range
within 1.2 and 2.9 eV. The band electrons and holes were generated in PLZT under
ionizing radiation and trapping of these charge carriers by defects in ceramics as well
as in surrounding of La™ ion results in optical absorption appearance. The induced
optical absorption was studied in PLZT ceramics irradiated at different temperatures
within range 90 — 670 K. The short-lived induced absorption was dominant at 300 K
and higher temperatures, however the changes of this absorption kinetics and
observed stable (long living) induced optical absorption at 90 K suggested that there
are involved shallow and deep levels in charge carriers trapping. The analysis of both
results obtained and data of ESR experiments found in literature suggested that the
induced optical absorption, partially at least, determine the recharging of host ions. It
is possible that the change of charge state of host ions could contribute in PLZT
ceramics polarization processes.

The financial support of LSC Grant Nr. 302/2012 is greatly acknowledged.
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EIROPIJA LUMINISCENCES CENTRU KVANTU EFEKTIVITATE
OKSIFLUORIDU STIKLOS UN STIKLA KERAMIKAS

Uldis Rogulisl, Meldra I,(emerel, Stefan Schweizer“, Franziska Steudel3, Sebastian Loosz,
Charlotte Rimbachz, Reinis Ignate'msl
'Latvijas Universitates Cietvielu fizikas institiits
’Department of Electrical Engineering, South Westphalia University of Applied Sciences
’Fraunhofer Application Center of Inorganic Phosphors, Branch Lab IMWS

Tika petita fotoluminiscence un kvantu efektivitate ar eiropija joniem aktivetos
oksifluoridu stiklos un stikla keramikas ar sastavu SiO,-Al,03-ZnF,-SrF, (SAZS) un
Si0,-Al,03-Ca0-CaF, (SACC). Eu’* fotoluminiscences spektrd stiklos doming
elektriska dipola parejas, kuras stiklos ir raksturigas zemas simetrijas apkartnei.
Turpreti, SrF, saturo$as stikla keramikas, Eu’" luminiscencé domingjosas ir
magnétiska dipola parejas, un Eu’* centriem ir novérota augstakas simetrijas
apkartne. Augstaka Eu’* fotoluminiscences kvantu efektivitate novérota pie 464 nm
ierosmes vilpa garuma SACC stiklos (70%), SAZS stiklos- 64%. Sakotng&jos stiklos
ir novérota vienigi trisvértigo eiropija jonu Eu’* luminiscence, savukart, stikla
keramikas pieaug Eu** jonu luminiscences intensitate.

QUANTUM EFFICIENCY OF EUROPIUM LUMINESCENCE CENTRES IN
OXYFLUORIDE GLASSES AND GLASS-CERAMICS

Uldis Rogulisl, Meldra Kemerel, Stefan Schweizer2’3, Franziska Steudel3, Sebastian Loosz,
Charlotte Rimbachz, Reinis Ignatansl
!Institute of Solid State Physics, University of Latvia
’Department of Electrical Engineering, South Westphalia University of Applied Sciences
? Fraunhofer Application Center of Inorganic Phosphors, Branch Lab IMWS

Photoluminescence (PL) spectra and quantum efficiency of Eu-doped SiO,-Al,Os-
ZnF,-StF, (SAZS) and SiO,-Al,03-CaO-CaF, (SACC) oxyfluoride glasses and
glass-ceramics have been investigated. In the Eu’* PL spectra of the glasses the
electric dipole transitions are dominant, which are characteristic for low symmetry
environment of glasses. On the contrary, in the Eu’* photoluminescence of the SrF,
containing glass ceramics the magnetic dipole transitions are dominant, a higher
symmetry environment of Eu’" centres has been observed. The quantum efficiency is
the highest for the Eu’* photoluminescence at the excitation wavelength of 464 nm
for the SACC glasses (70%), and 64% for the SAZS glasses. In the glasses, initially
only the trivalent Eu®* luminescence has been observed, whereas, in the glass-
ceramics the luminescence of divalent europium Eu”* rises.

The project of the Baltic-German University

Liaison Office was supported by the German

Academic Exchange Service (DAAD) with Baltisch-Deutsches '
funds from the Foreign Office of the Federal VLWL UL KONTOR
Republic Germany.
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PLATZONU MATERIALA LiGaO, LUMINISCENCES TPASIBAS

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

LiGaO, (LGO) ir kristals ar vurcita struktiru un 5.6 eV platu aizliegto zonu.
Kristaliska rezga parametri lauj $o materialu lietot ka pamatni ZnO heteroepitaksija.
Liela izméra augstas kvalitates LGO kristali tika nesen izgatavoti Taivana. M&s petam
So materialu fotolumininiscences (PL) un termoluminiscences (TL) Tpasibas.

PL spektru LGO veido vairakas luminiscences joslas, kas pie 10 K atrodas pie 280,
325, 520 un 700 nm. Luminiscences josla pie 280 nm ierosinas ar UV gaismu pie 197
nm, 325 nm josla — pie 212 nm, 520 un 700 nm joslas — pie 250 nm. Ja temperatiira
paaugstinas rajona 10-300 K, tad visam luminiscences joslam ir noveérojama spektra
sarkana nobide un intensitates samazinaSanas. IpaSa uzmaniba tika veltita 280 nm
joslas izpétei. Tika noskaidrots, ka ierosinosas gaismas intensitates izmainas rada 280
nm joslas maksimuma nobidi, ka arT izmaina tas intensitates atkaribu no temperatiiras.
TL tika pétita divos temperatiiru rajonos: 10-300 K un 300-600 K. Zemo temperatiiru
TL liknei galvenie maksimumi ir pie 120 un 170 K, bet TL luminiscences spektrs
sastav no 325, 520 un 700 nm joslam. Augsto temperatiiru TL liknei ir novérojams
maksimums pie 600 K ar luminiscenci 500-800 nm rajona.

Iegtutie PL un TL spektralo un kingtisko 1pasibu petfjumi LiGaO, lauj izdarit
secindjumus par luminiscences procesiem un mehanismiem Saja materiala.

LUMINESCENCE PROPERTIES OF WIDE BANDGAP MATERIAL LiGaO,

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

LiGaO, (LGO) is a crystal with wurtzite-type structure and a direct band gap at 5.6
eV used as a lattice-matching substrate for ZnO heteroepitaxy. Recently large size
high quality LGO material was produced in National Sun Yat-Sen University in
Taiwan. In the present work material’s characterisation is done by means of
photoluminescence (PL) and thermoluminescence (TL) measurements.

The PL spectrum of LGO contains several emission bands at low temperature centred
at 280, 325, 520 and 700 nm. The 280 nm emission band is excited at 197 nm, the 325
nm band — at 212 nm, 520 and 700 nm bands — at 250 nm. With temperature rise in
10-300 K range all emission bands reveal red spectral shift and decrease of intensity.
For the 280 nm band it was found that variation of excitation intensity affects position
of the emission band and its thermal behaviour. TL was studied in two temperature
regions: 10-300 K and 300-600 K. The low-temperature TL curves contain the main
peaks at 120 and 170 K, while TL emission spectra contain the same emission bands
as PL except the 280 nm band. The high-temperature TL reveals a very strong peak
around 600 K in the 500-800 nm spectral region centred at 700 nm.

The spectral and kinetic properties of PL and TL of LiGaO, allow proposal about
origin of luminescence processes in this material.

The financial support of Taiwan-Latvia-Lithuania project “Nonpolar ZnO thin films:
growth-related structural and optical properties” is greatly acknowledged.

15



Optiskas 1pasibas un defekti materialos, 17. februaris

ERBIJA JONU AVUGgUPPARVEIDOTA LUMINISCENCE BARIJU
SATUROSA OKSIFLUORIDU STIKLA KERAMIKA

Guna Krieke, Anatolijs Sarakovskis
Latvijas Universitates Cietvielu fizikas institits

Barija fluoridu saturoSas stikla keramikas ir perspektivi materiali augSupparveidotajai
luminiscencei, jo BaF, raksturiga zema fononu energija, kas samazina bezistarojuma
parejas, un tas veido cietos Skidumus ar visiem retzemju joniem.

gajé petijuma sintez€ti Na,O-NaF-BaF,-YF;-Al,03-Si0,:ErF;  sistemas stikli ar
atskirigu BaF, koncentraciju. Stikla keramikas iegiitas izotermiska apstrade.

Barija fluorida pievieno$ana alumosilikatu stikliem veicina Ba®* saturo$u tetragonli
un romboedriski deformétu fluorita tipa savienojumu kristalizaciju. Sajos materialos
novérojama efektiva augSupparveidota luminiscence. Zalas luminiscences efektivitate
ir lielaka salidzinajuma ar p-NaYF; saturosam stikla keramikam. Augsta
augSupparveidota luminiscences efektivitate saistita ar samazinatu Sk&rsrelakaciju
efektivitati, palielinatiem attalumiem starp erbija joniem, ka ari ar erbija jonu
atrasanos zemas simetrijas apkartne.

Saja darba pirmo reizi iegiita caurspidiga stikla keramika ar tetragonaliem un
romboedriskiem Ba’" saturoSiem nanokristaliem, ka ar1 raksturota So materialu
augSupparveidota luminiscence.

UP-CONVERSION LUMINESCENCE OF ERBIUM IN BARIUM
CONTAINING OXYFLUORIDE GLASS CERAMIC

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

Barium fluoride containing glass ceramics are promising materials because the low
phonon energy of the lattice reduces the non-radiative transitions and BaF, has high
solubility of all rare earth ions.

In this study glasses with general composition of Na,O-NaF-BaF,-YF;-Al,Os-
Si0,:ErF; containing various amount of BaF, were prepared. The glass ceramics were
obtained after isothermal heat treatment.

Introduction of barium fluoride in aluminosilicate glasses favors the crystallization of
Ba®* containing tetragonally and rhombohedrally distorted fluorite type compounds.
These materials exhibit efficient upconversion luminescence. The efficiency of green
luminescence is higher than in B-NaYF, containing glass ceramics. The high
efficiency of upconversion luminescence is caused by decreased cross-relaxation rate,
increase in the distance between erbium ions and incorporation of erbium ions in
cationic positions with low local symmetry.

In this study for the first time transparent glass ceramics with rhombohedral and
tetragonal Ba®* containing nanocrystals has been prepared. The upconversion
luminescence of these materials has been characterized.

This work was supported by National Research program IMIS?
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Gd** LOKALA STRUKTI_JRAv CaF,, SrF,, BaF, UN NaLaF; KRISTALITUS
SATUROSAS STIKLA MATRICAS

Andris Antuzevic¢s, Meldra Kemere, Edgars Elsts, Reinis Ignatans
Latvijas Universitates Cietvielu fizikas institits

Ar retzemju joniem aktivétas stikla keramikas ir daudzsoloSi kompozitmateriali
pielietojumiem optiskas iericés. Saja darba tiek pétita luminiscences centru lokala
struktira stikla keramikas, izmantojot magnétiskas rezonanses spektroskopijas
metodes un Gd** piejaukumus ki paramagnétiskas zondes.

Pétamie materiali ir stikla keramikas, kas satur CaF,, SrF,, BaF, un NalLaF, kristalitus
ar 0.1 mol% Gd**. Paraugu struktiira tiek pétita ar diferencidlds termalds analizes
(DTA), rentgenstaru difrakcijas (XRD) un elektronu paramagnétiskas rezonanses
(EPR) spektroskopijas metodem.

Stiklu paraugu EPR mérjjumos redz nesakartotas vides Gd* spektru, tacu stikla
keramiku EPR spektros ir sikstruktiira, kas raksturiga konkrétajam kristalitam.
Referata tiks apsriests, kadai Gd* lokalai struktiira atbilst iegiitie EPR spektru
parametri.

Gd** LOCAL STRUCTURE IN GLASS MATRICES CONTAINING CaF,,
SrF,, BAF, AND NaLaF4 CRYSTALLITES

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

Glass ceramics doped with rare-earth ions are promising composite materials for
applications in optical devices. In this work the local structure of luminescence
centres in glass ceramics is studied using magnetic resonance spectroscopy methods
and Gd** impurities as paramagnetic probes.

The studied materials are glass ceramics containing CaF,, SrF,, BaF, and NalaF,
crystallites with 0.1 mol% Gd’*. The sample structure is investigated with differential
thermal analysis (DTA), X-ray diffraction (XRD) and electron paramagnetic
resonance (EPR) spectroscopy methods.

The EPR measurements of the glass samples show the Gd* spectrum of disordered
environment, however in glass ceramics the EPR spectra have fine structure
characteristic to the specific crystallite.

In this study we will discuss the local structure of Gd** from the EPR parameters.

Financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZ2015/1 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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LUMINISCENTO IPASIBU IZPETE AR Eu AKTIVETIEM ALUMINIJA
OKSIDU PARKLAJUMIEM UZ ALUMINIJA

Aleksejs Zolotarjovs, Anete Kriimina
Latvijas Universitates Cietvielu fizikas institits

Aluminija oksida parklajumus plasi pielieto metala aizsargasanai no kimiskas,
termiskas un mehaniskas iedarbibas. Misu pétijjumos pirmo reizi apskatita iespgjama
parklajumu luminiscento TpaSibu pielietosana. Sadu labi spidoSo luminiscento
parklajumu izveidei bitu labas praktisko pielietojumu iespgjas.

Petijumu laika izveidoti nanoporaini (poru diametrs 300-500nm, parklajuma biezums
~ 1-2 pm) aluminija oksida parklajumi uz aluminija virsmas ar Plazmas Elektrolitisko
Oksidesanu (PEO). Petijuma apskatitas So poru aizpildiSanas metodes un tam
sekojoso talaku oksidaciju luminiscenta parklajuma iegiiSanai.

Parklajumu luminiscentas 1paSibas péetitas izmantojot fotoluminiscences metodi
izmantojot iHR-320 luminiscences un TRIAX 320 ierosmes monohromatorus
(Horiba), kur luminiscences ierosmei izmatotas deitérija un ksenona lampas, ka ari
NdYAG 266nm lazers, bet luminiscences detekt€Sanai FEP 928P (Hamamatsu).
Parklajumos noverota Eu’* jona luminiscence un pétitas Eu joslu spektrala
sadalfjuma/intensitates izmainas atkariba no parklajuma izveides parametriem,
nanocaurumu struktiiru, ka arT Eu uzneSanas procesa veidu un parametriem.

A STUDY OF LUMINESCENCE PROPERTIES OF EU DOPED ALUMINA
COATINGS ON ALUMINIUM

Aleksejs Zolotarjovs, Anete Krumina
Institute of Solid State Physics, University of Latvia

Aluminium oxide coatings are widely used for protecting metal surface from chemical,
thermal and mechanical deformation. Our research team was the first to report the
possibility to use luminescent properties of such coatings for various practical
applications.

Nanoporous alumina coatings (pore diameter 300-500nm, layer thickness ~ 1-2 pm)
were prepared on aluminium surface using Plasma Electrolytic Oxidation (PEO)
process. The ways to fill these pores with luminophores as well as further surface
modification methods in order to acquire luminescent coatings are studied during the
present research.

The luminescent properties of coatings are mostly studied using photoluminescence
technique. The iHR-320 luminescence and TRIAX 320 excitation monochromators
(Horiba) were used. For the excitation the 266nm NdYAG laser, deuterium or xenon
lamps were used, detection was performed with 928P (Hamamatsu) PMT tube.

The luminescence of Eu’ ion was observed in coatings, the correlation between Eu
line spectral distribution/intensity and coating preparation parameters, the structure of
nanopores as well as the doping method and its parameters was analysed.

Financial support provided by Scientific Research Project for Students and Young

Researchers Nr. SJZ2015/21 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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AIN UN hBN PULVERU SKABEKLA SENSORA TPASIBAS

Paula Jankovska, Valdis Korsaks, Laima Trinklere, Janis Kristaps Valjonoks, Baiba Bérzina
Latvijas Universitates Cietvielu fizikas institiits

Platzonu materialos AIN un hBN tika noverota skabekla gazes jutiga luminiscence.
AIN un hBN pulveriem ar nanoizméra gan ari lielaku graudu struktiru spektrala
rajona ap 400 nm tika noverota luminiscences josla ar izteiktu fononu sikstruktiiru
(zila luminiscence), un So luminiscenci var radit gan eksitonu procesi, gan ari tieSa
defektu ierosinaSana ar ultravioleto gaismu, kas atbilst diviem spektra rajoniem ap
260 nm un 330 nm. So luminiscenci ietekmé paraugu aptvero$a skabekla gaze, kas
samazina tas intensitati. Veiktie spektralie petijumi lauj secinat, ka hBN materiala par
zilo luminiscenci var€tu bit atbildigi F centri, ko veido slapekla vakances ar
satvertiem elektroniem. Saja gadijuma defekti, kas atrodas tuvu materidla virsmai,
sadarbojas ar apkartn€ esoSu skabekla gazi.

AIN un hBN materialiem tika pétitas skabekla gazes jutibu raksturojosas zilas
luminiscences 1paSibas. Tika petitas: i) materiala gazes jutiba (zilas luminiscences
intensitasu attieciba materialam atrodoties vakuuma un skabekla gazg); ii) m&rfjumu
atkartojamiba; iii) skabekla jutibas gradu&Sanas likne, iegiita pie dazadam skabekla
koncentracijam gazu maisijjuma.

OXYGEN GAS SENSING PROPERTIES OF AIN AND hBN POWDERS

Paula Jankovska, Valdis Korsaks, Laima Trinkler, Janis Kristaps Valjonoks, Baiba Berzina
Institute of Solid State Physics, University of Latvia

Oxygen gas sensing luminescence in wide band gap materials AIN and hBN was
observed. It was found that in AIN and hBN powders with nanosize and bulk
structured grains, there is a phonon-structured luminescence around 400 nm (blue
luminescence - BL), which can be excited either through exciton processes or by
direct defect excitation with ultraviolet light from two spectral regions around 260 nm
and 330 nm. This luminescence is sensitive to oxygen gas surrounding the material,
resulting in quenching of luminescence intensity. From the results of spectral
characterization of hBN material it follows, that the F-centers, formed from the
nitrogen vacancies with trapped electrons, could be the possible defects responsible
for the BL. In this case the defects, which are close to the material surface, are
interacting with environmental oxygen gas.

BL characteristics demonstrating oxygen gas sensing properties of AIN and hBN
materials were investigated. They are: i) gas sensing parameter of material (ratio of
BL intensity measured, when sample is in vacuum or in oxygen gas), ii) repeatability
of measurements, iii) oxygen sensitivity graduation curve obtained at different oxygen
gasconcentrations in gas mixture.

Financial support by National research program IMIS? is highly appreciated
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ELEKTRISKA UN MAGNETISKA LAUKA IETEKMES IZPETE UZ
HOLOGRAFISKO IERAKSTU AZOSAVIENOJUMU MOLEKULARAJAS
KARTINAS

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

Praktiski nozimiga iesp&ja vadit informacijas holografisko ierakstu ar argju elektrisku
vai magnétisku lauku balstas attiecigi uz elektrooptiskajiem un magnetooptiskajiem
efektiem. Ja gaismas starojuma frekvence ir tuva vielas rezonanses frekvencei, Sie
efekti var klut jutami. Abos gadijumos caurlaidibas holografiskie rezgi ar 2.0 pm
periodu tika ierakstiti un nolasiti ar 632.8 nm He-Ne lazera gaismu. Tika izmantotas
s-s, p-p, L-L, L-R ieraksta polarizacijas. Pastavigs elektriskais lauks ar 17 kV/cm
intensitati tika pielikts perpendikulari rezga linijam 0.2 mm attaluma no kartinas
(ZWK-2TB, WE-3, ZWK-3, IWK-2D) virsmas. Tika meérita pasdifrakcijas
efektivitates (SDE) atkariba no laika. Elektriskais lauks tika parslégts ar1 ekspozicijas
laika. Kladu robezas (1-5%) elektriska lauka ietekme uz SDE netika novérota.
Pastavigs magnétiskais lauks ar indukciju 0.15 T tika pielikts paraléli rezga linijam.
Sajos eksperimentos tika pétits tikai labakais paraugs IWK-2D ar s-s un p-p
polarizacijam. Konstatéts, ka SDE palielinas s-s gadijuma par 1.9%, bet samazinas p-
p gadijuma par 4.9%. Savukart ieraksta energijas abos gadijumos samazinajas par
attiecigi 1.9% un 9.1%. Diemzel Sie rezultati ir klidu robezas (15-20%).

ELECTRIC AND MAGNETIC FIELD EFFECT STUDIES ON THE
HOLOGRAPHIC RECORDING IN AZOCOMPOUND MOLECULAR FILMS

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

Practically significant possibility to steer the holographic information recording by
external electric or magnetic field is based on electrooptic and magnetooptic effects.
If the frequency of light irradiation is close to the resonance frequency of a material,
these effects can become observable. In both cases transmission holographic gratings
with 2.0 pm period have been recorded by 632.8 nm He-Ne laser light. Recording
beam polarizations were s-s, p-p, L-L and L-R. 17 kV/cm dc electric field was applied
perpendicularly to the grating fringes at the distance of 0.2 mm from the film (ZWK-
2TB, WE-3, ZWK-3, IWK-2D) surface. Recording time dependence of self-
diffraction efficiency (SDE) was measured in each case. Electric field was also
switched off and on during the exposure. No effect of electric field was found within
the measurement accuracy (1-5%). 0.15 T dc magnetic field was applied parallel to
grating fringes. In these experiments only the best sample IWK-2D was studied with
s-s and p-p polarizations. It was found that SDE increases by 1.9% in the s-s case
whereas it decreases by 4.9% in the p-p case. Recording energy decreased in both
cases by 1.9% and 9.1%, respectively. Unfortunately, these results are within
experimental errors (15-20%).

The financial support of Latvian State Programme "Multifunctional materials and

composites, photonics and nanotechnologies. Project 1: Photonics and materials for
photonics" is greatly acknowledged.
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HOLOGRAFISKAS LITOGRAFIJAS IESPEJAS

Janis Teteris
Latvijas Universitates Cietvielu fizikas institiits

Referata tiek apskatita holografiskas litografijas principi, tiek dots salidzinajums ar
klasiskas optiskas litografijas tehnologijam. Darba apskatits pasreiz&jais stavoklis
,,tie$a* optiska ieraksta organisko un neorganisko fotorezistu izstradé un izmanto$ana
materialu virsmas strukturéSanas tehnologijas.

Izmantojot immersijas holografisko litografiju ir iesp&jams iegiit difrakcijas rezgus ar
periodu ~150 - 250 nm. Apskatita iesp&ja uz $adu rezgu bazes izgatavot pirmas
kartas DFB (distributed feedback) lazeru rezonatorus 500-700 nm apgabalam.

POSSIBILITIES OF HOLOGRAPHIC LITHOGRAPHY

Janis Teteris
Institute of Solid State Physics, University of Latvia

In this report the holographic lithography will be discussed and its comparison with
conventional optical lithography technologies will be done. The present state of
research and practical application of direct recording photoresists based on
photoinduced mass displacement both in organic and inorganic compounds has been
examined.

By means of immersion holographic lithography the surface relief gratings with a
period of ~150 — 250 nm can be fabricated. A possibility to produce the DFB
(distributed-feedback) lasers, operating in the spectral range of 500-700 nm will be
reported.

23



Fotonika un organiskie materiali, 17. februaris

TIESA IERAKSTA FOTOREZISTA IZSTRADE UZ EPOKSIDA POLIMERA
BAZES

Jelena Mikelsone, Janis Teteris
Latvijas Universitates Cietvielu fizikas institits

Saja darba tiek pétita difraktivo optisko elementu (DOE) izstrades iespgja uz azo-
epoksida polimériem tie§a holografiska ieraksta laika. Sajos materidlos azo-
savienojums tiek saistits ar epoksidu, veidojot poliméru. Azo-epoksidu poliméru
prieksrociba ir ne tikai vienkarSa un l&ta sintéze, bet ar1 tada, ka materiala masas
transports nav apgritinats ar materiala lielo polimerizacijas pakapi.

Uz epoksidiem baz€tu poliméru laika tiek izmantoti videi draudzigi $kidinataji un
materiali. Saja darba tiek meklGtas paraugu izgatavoianas metodes, lai iegiitu optiski
viendabigu liela izméra rezistu. legiitos rezistos tiek pétita virsmas reljefa veidoSanas
atkariba no vairakiem parametriem — ierakstoSo staru intensitates, polarizacijas.

DEVELOPMENT OF EPOXY POLYMER BASED PHOTORESIST FOR
DIRECT HOLOGRAPHIC RECORDING

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

In this work development of diffractive optical elements (DOE) in azo-epoxy
polymers during direct holographic recording is studied. In this material azo-
compound is covalently attached to epoxy forming polymer. Advantage of azo-epoxy
polymer is simple and cheap synthesis, low polymerization index, thus mass transport
is not inhibited.

For synthesis of epoxy based polymers environmental friendly solutions and materials
are used. In this research we are looking for sample preparation methods allowing to
obtain optically uniform resist. In prepared resists surface relief formation during
direct holographic recording is studied.

Financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZ2015/22 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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DWK-1TB MOLEKULU OP’IV‘ISKAS UN PASTIPRINATAS SPONTANAS
EMISIJAS TPASIBAS POLIMERA MATRICA

Aivars Vembris
Latvijas Universitates Cietvielu fizikas institits

Organiskie cietvielu lazeri paver jaunus pielietojumus, jo tie ir maza izméra, zemas
razo§anas izmaksas un savietojamibas ar mikroelektroniku. Sadus lazerus bitu
iesp&jams pielietot komunikacija, sensoros, medicina u.c.

Organisko cietvielu lazeru izveidoSanai ir nepiecieSama sist€ma, kurai piemit
pastiprinata spontana misija. 4-(dicianometilene)-2-metil-6-(4-dimetilaminostiril)-4H-
pirans (DCM) ir viena no popularakam lazeru krasvielam, tomer to pielietoSana
organiskos cietvielu lazeros ir ierobeZota saistiba ar spécigu starpmolekularo
mijiedarbibu, kura dz€s fotoluminiscenci. DWK-1TB molekula ir DCM atvasinajums,
kur DCM molekulai ir pievienotas tritiloksietila grupas, kas samazina starpmolekularo
mijiedarbibu I1dz ar to uzlabojot vielas optiskas paSibas.

Saja prezentacija tiks apskatitas optiskds un pastiprinatas spontands emisijas ipasibas
viesu-saimnieka sist€émai ar dazadu koncentraciju DWK-1TB molekulam poliméra
matrica.

Pastiprinatd spontana emisijas tika ierosinata ar 532 nm lazera gaismu. Impulsa
garums bija 10 ns ar atkartoSanas frekvenci 10Hz. Apstarotais laukums bija Iinija ar
izmériem 4x0.4 mm?”. Gaismas emisijas tika noverota parauga mala.

Petijums ir finansiali atbalstits Latvijas Universitates Cietvielu fizikas institiita
Studentu un Jauno zinatnieku projekta Nr SJZ2015/12 ietvaros.

OPTICAL AND AMPLIFIED SPONTANEOUS EMISSION PROPERTIES OF
DWK-1TB MOLECULES IN POLYMER MATRIX

Aivars Vembris
Institute of Solid State Physics, University of Latvia

Organic solid state laser could be perspective in communication and medicine due to
low cost, easy production and compatible with microelectronics.

One of the well-known red light emitting laser dyes is 4-(dicyanomethylene)-2-
methyl-6-(4-dimethylaminostyryl)-4H-pyran (DCM). High intermolecular interaction
limits DCM molecule application in solid state organic lasers. DWK-1TB is the same
DCM molecule with two bulky trytiloxyethyl groups, which reduce interaction
between molecules thus improve optical properties.

Optical and amplified spontaneous emission properties of DWK-1TB molecules in
polymer matrix will be discussed in the presentation.

Ekspla 310 series laser at 532 nm with repetition rate 10Hz and pulse duration 10 ns
was used as light source for amplified spontaneous emission measurements. The
irradiation area on surface of the sample was stripe form with dimension 4x0.4 mm’,
Light emission was measured at the edge of the sample.

Financial support provided by Scientific Research Project for Students and Young

Researchers Nr. SJZ2015/12 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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MIKROSTRUKTURAS VEIDOV§ANA PIRAMILIDENA ATVASINAJUMU
SATUROSAS SU-8 KARTINAS

Jilija Pervenecka, Aivars Vembris, Edgars NitiSs, Elza Linina
Latvijas Universitates Cietvielu fizikas institits

Organisko cietvielu lazeru radiSanai ir nepiecieSama vide, kurai piemit pastiprinata
spontana emisija un kura ir izveidoti rezonatori. Viss biezak organisko pusvaditaju
lazeros tiek pielietoti vertikalie Fabri-Pero, mikro-gredzena vai mikro-diska
rezonatori, vai arT planarie Fabri-Pero vilpvadi.

Ieprieks veiktie petijumi ar savienojumu DWK-1TB paradija, ka tie ir perspektivi
organisko cietvielu lazeru aktivas vides veidoSanai. Sajaucot So savienojumu ar
dazadiem polimériem, tika iegiita nepiecieSama viesu-saimnieka sist€ma. (piemé&ram,
PMMA (Poli(metil metakrilats)) un PVK (poli-(N-vinil karbazols)) matricas)
Litografija ir viens no veidiem, ka iegiit nepiecieSamo struktiiru. Piem&ram, sajaucot
DWK-1TB ar SU-8 un izskidinot tos ar GBL, tiek iegiits Skidums, no kura ar rotgjosa
diska metodi tiek pagatavotas planas kartinas, no kuram savukart ar litografijas
palidzibu, tiek iegiitas nepiecieSamas mikrostruktiiras (mikro-diska rezonatori).

Saja darba tiks apskatits SU-8/ DWK-1TB mikrostruktiiru veido$anas iesp&jas ar
litografijas palidzibu.

Sis darbs ir tapis valsts p&tfjuma projekta “Daudzfunkcionalie Materiali un kompoziti,
fotonika un nanotehnologijas” (IMIS?) ietvaros

PREPARATION OF MICROSTRUCTURE IN PIRAMILIDEN
DERIVATIVES CONTAINING SU-8 FILMS

Jilija Pervenecka, Aivars Vembris, Edgars NitiSs, Elza Linina
Institute of Solid State Physics, University of Latvia

Solid-state laser consist from medium with amplified spontaneous emission and
resonator. Vertical Fabry-Perot microcavity, microring resonator, microdisk resonator
and Planar Fabry-Perot waveguide are the most common used resonators in organic
semiconductor lasers.

DWK-1TB was shown as perspective compound as laser dye in organic solid-state
laser. Active medium was obtained by mixing these compounds with a variety of
polymers. (for example, PMMA (Poly (methyl methacrylate)) and PVK (poly- (N-
vinyl carbazole)) matrices)

Lithography is one of the ways to obtain the necessary structure. For example, mixing
DWK-1TB with SU-8 and dissolving them with GBL necessary solution was obtained.
Thin films were prepared by spin-coating method, which were used for lithography.

In this work formation of SU-8/ DWK-1TB microstructure by lithography will be
discussed.

This work was supported by National Research program “Multlfunctional Materials
and composites, photonics and nanotechnology” (IMIS?)
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ROBEZVIRSMAS STARP DIVAM ORGANISKAJAM VIELAM PETISANA
AR FOTOEMISIJAS KVANTU IZNAKUMA SPEKTROSKOPIJAS METODI

Raitis Grzibovskis, Aivars Vembris
Latvijas Universitates Cietvielu fizikas institits

Lidz Sim aktivi pétiti ir tikai energ€tiskie Iimeni atseviskam organiskajam vielam vai
arT So Iimenu nobide organiskas vielas un metala robeZvirsma. Ja elektroniska ierice
tiek veidota no vairakiem organisko vielu slaniem, ir svarigi iegiit informaciju par
elektronu parnesi starp Siem materialiem. Tas ir §T p&tTjjuma mérkis.

Saja darba pétitas poliméra P3HT un fuleréna atvasinajuma PCBM planas kartinas.
Tika veidoti divu veidu paraugi: 1) tilpuma heteroparejas paraugi, kas iegiiti no
Skiduma; 2) slapaini paraugi, kur PCBM ar termisko iztvaic€Sanu vakuuma tiek
uznests uz P3HT kartinas. Pirmaja gadijjuma tika mainita vielu masu attieciba, otraja
gadijuma tika mainits PCBM slana biezums.

legiitajiem paraugiem tika péetitas fotoemisijas kvantu iznakuma spektralas atkaribas
robezas no 4-6,5eV.

Tiks prezentétas iegiitas sakaribas starp energijas ITmeniem un to izmainam pétitajas
planajas kartinas.

Petijums ir finansiali atbalstits Latvijas Universitates Cietvielu fizikas institiita

Studentu un Jauno zinatnieku projekta Nr.SJZ2015/20 ietvaros.

STUDY OF INTERFACE BETWEEN TWO ORGANIC COMPOUNDS USING
PHOTOEMISIION YIELD SPECTROSCOPY METHOD

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

Up to now there have been studied energy levels of separate organic compounds or
shift of these levles at the interface between organic compound and metal. If
electronic device is made of several layers or organic compounds it is necessary to
obtain information about electron transfer between these materials. That is the aim of
the research.

In this work we have studied thin films of polymer P3HT and fullerene derivative
PCBM. Two types of samples were obtained: 1) bulk heterojunction samples obtained
from solution; 2) planar samples where PCBM is deposited on top of the P3HT layer
using thermal deposition in vacuum. In the first case we changed mass ratio of studied
compounds while in the second case we changed thickness of the deposited PCBM
layer.

Photoemission yield spectral dependence was obtained from 4-6.5¢eV.

Obtained results of the energy level values and their changes in thin films will be
presented.

Financial support provided by Scientific Research Project for Students and Young

Researchers Nr.SJZ2015/20 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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ORGANISKO MATERIALU PLANO KARTINU TERMOELEKTRISKO
IPASIBU PETIJUMI INFRASARKANA STAROJUMA SENSORU
LIETOJUMIEM

Kaspars Pudzs
Latvijas Universitates Cietvielu fizikas institits

Attistoties modernajam tehnologijam, aizvien vairak pieaug nepiecieSamiba péc
efektiviem, atrdarbigiem un I€tiem infrasarkanajiem sensoriem. Lidz $im izmantotie
neorganiskie materiali ir ar augstu siltumvaditspgju, kas liedz tos izmantot planas
kartinas, turklat tie ir efektivaki augstds temperatiiras, ka arT to pieejamiba ir
ierobezota, kas sadardzina sensoru izmaksas.

Ta ka organiskajiem materialiem ir lielas Zebeka koeficienta vértibas, kas sasniedz
1,8mV/K, tad $adu materialu plano kartinu tehnologijas paver potencialu iespgju
organisko materialu planas kartinas izmantot termoelektriskos sensoros, piemé&ram,
lazera stara pozicijas noteikSanai.

Vieni no potenciali sensoros pielietojamiem organiskajiem materialiem ir metalu
ftalocianini. Lidz S§im metalu ftalocianini ir intensivi petiti gazu sensoru
pielietojumiem.

Saja darba tiks atspogulots Iidz §im Studentu un Jauno zindtnieku projekta Nr.
SJZ2015/13 paveiktais: plano organisko kartinu Zebeka koeficienta meérijumi,
elektriskas vadamibas mérfjumi un struktiiras p&tjjumi.

Petijums ir finansiali atbalstits Latvijas Universitates Cietvielu fizikas institiita
Studentu un Jauno zinatnieku projekta Nr. SJZ2015/13 ietvaros.

STUDY OF THERMOELECTRIC PROPERTIES OF ORGANIC THIN
FILMS FOR INFRA-RED RADIATION SENSOR APPLICATION

Kaspars Pudzs
Institute of Solid State Physics, University of Latvia

There is an increasing need for effective, high-speed and low-cost infrared sensors
with the development of modern technology. So far used inorganic materials have
high thermal conductivity, which prevents their use in thin films, and they are more
effective at high temperatures, as well as their availability is limited, which raises the
cost of the sensor.

Organic materials have high Seebeck coefficient values that can reach 1,8mV/K. Thin
films of such materials offers the possibility of using them in thermoelectric sensors,
such as for laser beam position determination.

One of the potential organic material for sensors application is a metal phthalocyanine.
So far the metal phthalocyanine is intensively studied for gas sensor applications.

In this work the results of Scientific Research Project for Students and Young
Researchers Nr. SJZ2015/13 will be shown: Seebeck coefficient of thin organic films,
electrical conductivity measurements and structural studies.

Financial support provided by Scientific Research Project for Students and Young

Researchers Nr. SJZ2015/13 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.

30



Meérijumu tehnologijas, iekartas un prototipi, 17. februaris

“7Z-SCAN” METODES IEVIESANA NELINEARI OPTISKO MATERIALU
DIVFOTONU ABSORBCIJAS UN O!’TISKA KERRA KOEFICIENTA
NOTEIKSANAI

Arturs Bundulis, Edgars NitiSs, Janis Busenbergs, Martins Rutkis
Latvijas Universitates Cietvielu Fizikas institits

Strauji attistoties optisko tehnologiju pielietojumiem telekomunikaciju nozarg,
palielinas interese par organisko materialu izmanto$anu opto-optiskas iekartas. Sadu
iericu ievieSanai praks€ biitu nepiecieSama labaka izpratne par organisko molekulu
nelineari optiskajiem (NLO) efektiem. Ka piem@rus var minét divfotonu absorbciju un
Kerra efektus, kuri ir janem vera, veidojot iekartas optiska signala moduléSanai, datu
saglabaSanai un jaudas kontrol€Sanai. Kerra koeficienta un divfotonu absorbcijas
koeficienta noteikSanai tika ieviesta “z-scan” metode.

Realiz&jot ~’z-scan” metodi, izmantojot nanosekundZu impulsu lazeri, ir jagem véra
termalas fokuseéSanas efekts. Precizai NLO efektu analizei tika izmantots
pikosekundZzu impulsu lazers.

Darba tika pétiti dimethilaminobenziliden-1,3-indandiona (DMABI) dazadu
atvasinajumu divfotonu absorbcijas un Kerra efekti, ka ar1 to pielietojums optiska

_____

Petijums ir finansiali atbalstits Latvijas Universitates Cietvielu fizikas institiita
Studentu un Jauno zinatnieku projekta Nr. SJZ2015/16 ietvaros.

IMPLEMENTATION OF Z-SCAN METHOD FOR DETERMINATIO OF
NON-LINEAR OPTICAL MATERIAL TWO-PHOTON ABSORPTION AND
OPTICAL KERR COEFFICIENTS

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

The rapid development of optical technologies for telecommunications sector has
created a growing interest on the usage of organic materials in opto-optical devices.
Implementation of such devices into practice requires a better understanding of non-
linear optical (NLO) effects of organic molecules. Examples include two-photon
absorption and Kerr effect, which must be taken into account when designing
equipment for optical signal modeling, data storage and power controlling. To
determine the optical Kerr coefficient and the two-photon absorption coefficient the
"z-scan" method was implemented.

Thermal lensing effects must be taken into account while carrying out "z-scan"
method using nanosecond pulsed laser. For accurate NLO effect analysis picosecond
pulsed laser was used.

In this study we will analyze two-photon absorption and Kerr effect of
dimethilaminobenziliden-1,3-indandions (DMABI) various derivatives and their
application for optical limiting.

The financial support provided by Scientific Research Project for Students and Young

Researchers Nr. SJZ2015/16 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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PORTATIVS HROMAMETRS UZ ARDUINO MIKROKONTROLERA
BAZES
Varvara Zavjalova'?, Maris Ozolip§™'
Latvijas Universitites Optometrijas un redzes fizikas nodaja
Latvijas Universitates Cietvielu fizikas institiits

Pedgja laika arvien popularaki kliist dazadi sensori un tehniskie risinajumi, kuri
izmanto mikrokontrolerus ar relativi vienkarSu vadibas organizaciju. Tas attiecas arl
uz krasu selektivu trihromatisko pusvaditaju sensoru TCS230, kura programmeSana
un vadiba var tikt realiz€ta ar Arduino tipa interfeisa palidzibu. Izstradata un aprobéta
iekarta lauj ar 12-bitu krasu izSkirSanu iegiit raw sakuma datus, lai noteiktu
izstarojoSu un atstarojosu stimulu trihromatiskas krasu koordinatas. Sensors standarta
tieck apgadats ar gaismas dioZu apgaismoSanas avotiem. Kalibrétai gaismas krasu
uztverei apgaismojuma dala ir tikusi parstradata, un pielietota optiska 1&cu
fokuseSanas adapteru sisteéma redzes lauka ierobeZoSanai. KalibréSana notiek ar datu
apstradi datora, kaut gan ierice ar ierobeZotam kalibracijas iesp&jam darbinama ar1
autonoma reZima. lekarta dota bridi tiek izmantota partikas produktu kontrolei, un
paredzgts velak to izmantot arT redzes zinatnes pielietojumos.

PORTABLE CHROMA METER USING ARDUINO INTERFACE

Varvara Zavialoval’z, Maris Ozolinsh>'
'Department of Optometry and vision science, University of Latvia
*Institute of Solid State Physics, University of Latvia

Recently it is becoming more popular a variety of sensors and technical solutions that
use microcontrollers with a relatively simple management organization. This applies
also to the trichromatic color selective semiconductor sensor of type TCS230 which
programming and management can be realized with the help of Arduino type interface.
Developed and approved by authors facility allows to register stimuli with the 12-bit
color resolution that allows to obtain raw input data to determine the emitting and
reflective stimuli trichromatic color coordinates. The sensor is equipped with a
standard LED lighting sources. In order to obtain calibrated perception of colors the
lighting part has been modified, and the focusing lens optical adapter system is
applied for limiting the field of vision. Calibration takes place with the processing of
data on portable computer, although the device with reduced calibration facilities can
be operated in stand-alone mode. The device is used in a given time to monitor the
quality of foodstuff, however it is intended to use it later in vision science applications.
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INTERESANTI REZULTATI IMPEDANCES MERIJUMU GAITA.
NOSKAIDROTS.

Raul Land', Paul Annus', Mart Min', Alberts Kﬁstin§2
! Tallinas Tehnologiskas universitates Tomasa Johana Zébeka elektronikas nodaja.
?Latvijas Universitates Cietvielu fizikas institiits

Veicot merfjumus, nevélamas blakusparadibas viegli var izkroplot rezultatus. Dazos
gadijumos to var nepamanit un tas var novest pie nepareiziem secinajumiem. Pasivo
sheému kompleksas impedances mérijumos negativas realas dalas paradiSanas bieZi ir
viena no tam.

Lai gan pasivam kédém teoretiski tas nav iesp&jams, tomér to var izskaidrot ar
parazitiskam saitém no apkartgjas vides uz pétamo shému. Var teikt, ka parazitiskas saites
ir izpétitas un model&tas, tomer, ka bieZi notiek, uzdevums nebija tik vienkarSs un radas
daudz kladu.

Tika izpétiti divi parazitisko saiSu veidi — induktivais un kapacitativais. Induktivas saites
izpéte Skita cerigaka, jo originalais komponents ar ,,sliktu uzvedibu” bija vienkarsa
stieples spole. Kapacitativa saite sakotngji tika noraidita modelesanas kliidu del. Kad
eksperimentos ar induktivo saiti neizdevas parliecinosi izskaidrot realitate esoSas
paradibas, kapacitativas saites koncepcija velreiz tika parvertéta. Parazitiskas saites
parasti izplatas ap objektu. Tomér analize paradija, ka iedarbiba no tam ir spécigaka
méramas impedances vidusdala un tapéc reala parazitiska saite tika aizvietota ar
kondensatoru no izp€tamas impedances centra pret zemi, lai veiktu model€Sanu un analizi.
Ta ka modeléSanas un realo mérjjumu gala rezultati saskang&ja, tad ar parliecibu var
secinat, ka parazitiska kapacitativa saite tieSam bija galvenais kliidu avots un ta tika
pareizi noteikta. Papildus tiek piedavata formula, kura lauj prognozet mérijumu kltidas
paradiSanos un tas lielumu, taja skaita ar negativu realo dalu. Eksperimentiem tika
izmantots precizs pilnas impedances méritajs Wayne Kerr 6500P.

INTERESTING RESULTS DURING IMPEDANCE MEASUREMENT. SOLVED.

Raul Land', Paul Annus', Mart Min', Alberts Kﬁstin§2
"Thomas Johann Seebeck Department of Electronics, Tallinn University of Technology
? Institute of Solid State Physics, University of Latvia

Unwanted side effects can easily distort the results while conducting measurements. In
some cases they may remain unseen, and can lead to wrong conclusions. Appearance of
negative real part during measurement of the complex impedance of passive circuits is
often one of them. While theoretically impossible for passive circuits it can be explained
with parasitic coupling of the circuits under investigation. Said parasitic coupling was
investigated and modeled. As it often happens the task was not easy and many errors were
present. Two coupling options were investigated, inductive and capacitive. Inductive
coupling seemed more appealing, since the original “ill behaving” component was simple
wirewound inductor. Capacitive coupling was rejected at first due to mistakes made
during modeling. When the experiments with inductive coupling failed to explain the real
life phenomena convincingly capacitive coupling concept was revisited. Typically the
parasitic coupling is spread around the object. Nevertheless the analysis shows that the
impact from it is strongest near the center of the measurable impedance, and therefore the
real spread coupling was replaced with single capacitor from the center of the impedance
under investigation to the ground for the modeling and analysis. As the final results from
modeling and real life measurements coincided well it can be assumed with certainty that
the underlying parasitic capacitive coupling was indeed the main cause of errors, and was
identified correctly. In addition closed form formula is proposed enabling to predict
appearance and magnitude of the measurement error, including negative real part. Wayne
Kerr6500P precision impedance meter was used during the experiments.
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CAMART? —
IESPEJU PLATFORMA GAN STUDENTAM, GAN UZNEMEJAM

Liga Grinberga, Anatolijs Sarakovskis, Martins Rutkis, Andris Anspoks’ Andris Ozolins,
Andris Sternbergs
Latvijas Universitates Cietvielu fizikas institiits

Latvijas Universitates Cietvielu fizikas instittits (LU CFI) kopa ar Zviedrijas kolégiem
no Karaliska tehnologiju institita (KTH) un Acreo Swedish ICT ir izveidojusi
konsorciju, lai pilnveidotu esoso LU CFI ekselences centru, izmantojot Apvarsnis
2020 ‘Teaming’ uzsaukuma atbalstito projektu CAMART".

Projekta mérki, pirmkart, ir, apvienojot visu tris partneru zinasanas un prasmes, attistit
zinatniskas pétniecibas, izglitibas un tehnologiju parneses vidi, radot augsta Iimena
atverta tipa laboratorijas LU CFI. Otrkart, izveidot ilgtermina sadarbibu riipniecisko
pétijumu veiksanai starp LU CFI un uznémgjiem Baltijas jiras regiona. CAMART?
biis iespgju platforma studentiem zinaSanu papildinasanai un eksperimentu veikSanai
jaunizveidotajas laboratorijas savu akadémisko mérku sasniegSanai, ka ar1 izdeviba
ieklauties ar ripniecisko izp@ti saistitos pétijumos un iegit eksperimentali tehniskas
iemanas, kuras ir nepiecieSamas konkrétajam uzpéméjam. Savukart uznémeéjiem §1
platforma sniegs pieeju eksperimentalajai infrastruktiirai nepiecieSamo meérijumu
veikSanai, atbalstu inovativu ideju parbaudei un uznémuma darbinieku apmacibai
nepiecieSsamo eksperimentu veikSanai, ka arT iespgju piesaistit jau sagatavotus
specialistus savas pétniecibas laboratorijas.

CAMART? —
A PLATFORM OF OPPORTUNITIES FOR STUDENTS AND
ENTREPRENEURS

Liga Grinberga, Anatolijs Sarakovskis, Martins Rutkis, Andris Anspoks, Andris Ozolins,
Andris Sternberg
Institute of Solid State Physics, University of Latvia

Institute of Solid State Physics of University of Latvia (ISSP UL) together with Royal
Institute of Technology (KTH) and Acreo Swedish ICT are involved in new
consortium for upgrading of the existing Centre of Excellence under H2020 “Teaming”
project — CAMART® The aim of CAMART? is to combine the knowledge and
skills of all three partners for developing research, education and technology transfer
environment and creating high-level open-type laboratories at the ISSP UL, as well as
to establish a long-term industrial research cooperation between ISSP UL and
entrepreneurs in the Baltic Sea region. CAMART? platform will give an opportunity
for students to supplement the knowledge and to perform experiments in the newly
created laboratories to achieve their academic goals. On the other hand there will be
an opportunity to engage in industrial research and obtain technical skills, which are
necessary to the entrepreneurs. In turn for entrepreneurs, this platform will provide
access to the necessary infrastructure for experimental measurements, support for
assessment of innovative ideas and training required to conduct the experiments, as
well as the opportunity to attract already prepared specialists to their research
laboratories.
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O UN Vg, MIJIEDARBIBAS ab initio APREKINI fce-Fe REZGI

Aleksejs Gopejenko', J urijs Zukovskis', Pavel V. Vladimirov?, J evgenijs Kotomins',
Jurijs Mastrikovs', Vladimir A Borodin® un Anton Mtislang2
lLatvijas Universitates Cietvielu Fizikas Institiits
*Karlsruhe Institut fiir Technologie, Institut fiir Angewandte Materialen
’NRC “Kurchatov Institute”

ODS téraudus ar Y,O; piemaisijumiem var izmantot ka strukturalo materialu nakotnes
termiskas sint€zes reaktoriem. Tie Jauj palielinat nakotnes kodolsint€zes reaktoru darba
temperattiru uz apméram 100°C (Iidz 650°C un augstak). Y,O; ir visbiezak izmantots un
stabils oksids t€raudu pastiprinasanai, tapéc ka tas kuSanas temperatira ir augstak neka
tira térauda. Tas varétu spélét nozimigu lomu oksida nanodalinu ODS téraudos veidoSana.
Neskatoties uz to, ka tika veikti vairaki eksperimentalie t€raudu petfjumi, ir svarigi ar1
saprast mehanismus, ka Y,0; nanodalinas tiek veidotas terauda.

Visiem aprékiniem tiek izmantota plakanu vilpu blivuma funkcionalu teoriju (DFT)
metode. Tika izpétiti Y, O un Vg vakancCu vienkarSie punktveida defekti, ka arT to
migraciju trajektorijas un klasterizacijas iesp&jas. Pieméram, tika aprékinatas O-Vp.
mijiedarbibas fcc Fe rezgi dazados attalumos. Relaksacijas laika skabekla atoms tiek
iebidits par 0.7 A no O pozicijas astonskaldnu centra O virziend. Si konfiguracija ir
0.5 eV energetiski izdevigaka salidzinot ar O, konfiguraciju, ar 1.5 eV migracijas
barjeru. Vislielaka saites energija (1.18 eV) starp O un Vg tika atrasta 2NN attalumam
starp abiem defektiem. Iepriek§ dabiitu rezultatu Opg. aizvietotdjiem fcc Fe rezgl
parbaudiSanai, papildus aprékini tika veikti.

Ab initio CALCULATIONS OF O AND Vg, INTERACTION IN fec Fe LATTICE

Aleksejs Gopeienkol, Yuri Zhukovskiil, Pavel V. Vladimirovz, Eugene Kotominl,
Yuri Mastrikovl, Vladimir A Borodin3, and Anton M('jslang2
'Institute of Solid State Physics, University of Latvia
*Karlsruhe Institut fiir Technologie, Institut fiir Angewandte Materialen
SNRC “Kurchatov Institute”

ODS steels with Y,0; precipitates are planned to be used as structural materials in the
future thermal synthesis reactors. This allows increasing of the operating temperature for
future fusion and advanced fission reactors by 100°C up to 650°C or even higher. The
most commonly used material for the strengthening of RAFM steels was found to be
Y,0; as one of the most stable oxides with melting temperature higher than melting
temperature of the steels which might play significant role in the formation of oxide
nanoparticles in (ODS) steels.

A lot of experimental investigations have been performed on ODS steels so far, however,
it is important to understand the mechanism of the Y,03 nanoparticle formation in steel.
Plane wave density functional theory (DFT) method has been used in all our calculations.
Parameters of Y, O, and V. single point defects have been considered as well as their
migration trajectories and clusterization possibilities. For example, O-Vg, interactions in
fcc-Fe lattice have been calculated for different inter-defect distances. During the
relaxation oxygen atom is shifted from Op. position towards octahedral center O, by 0.7
A. The latter configuration is 0.5 eV energetically more favorable as compared to Oy
configuration. The migration barrier between both positions is 1.5 eV. The largest binding
energy between O interstitial and Vg vacancy has been estimated to be 1.18 eV when
both defects are located at 2NN distance. In order to improve precision of the earlier
obtained results for Og, substitute, additional calculations have been performed.

This work has been carried out within the framework of the EUROfusion Consortium and
has received funding from the Euratom research and training programme 2014-2018
under grant agreement No 633053.
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CuO LOKALAS DINAMIKAS EXAFS PETIJUMI

Aleksandrs Rumjancevs, Aleksejs Kuzmins
Latvijas Universitates Cietvielu fizikas institiits

Vara monoksids tiek izmantots ka baze kuprata augsttemperatiiras supravaditajiem [1],
ka arf tiek plasi pielietots nanostrukturéta veida [2]. CuO parada antiferomagnétiskas
Tpasibas zem 230 K [3] un ir labi piemérots vara-skabekla saiSu saspiezamibas [1] un
ladina sakartoSanas [4] paradibu pétiSanai. Kristaliskam vara oksidam ir monoklina
struktiira, kas sastav no CuQOg oktaedriem. Jana-Tellera efekta dé] CuQOg oktaedri ir
stipri deforméti tada veida, ka var§ ir koordinéts ar Cetriem tuvakajiem skabekla
atomiem, kuri veido planaru kvadratu.

Saja darba més izmantojam rentgenabsorbcijas spektroskopiju (EXAFS), lai izp&titu
CuO atomu lokalas dinamikas temperatiiras atkaribu no 10 K lidz 300 K. Cu K-malas
EXAFS signals no tuvakajiem kaiminiem (Cetriem skabekla atomiem) nesatur
daudzkartgjas izkliedes ieguldijumu, kas lava mums iegit informaciju par vidgjo
kvadratisko relativo nobidi (MSRD) tuvakajam Cu-O parim, ka arT novertet efektivo
saites stipruma konstanti, izmantojot Einsteina modeli.

EXAFS STUDY OF LOCAL DYNAMICS IN CuO

Aleksandrs Rumjancevs, Alexei Kuzmin
Institute of Solid State Physics, University of Latvia

Copper monoxide (CuO) is a prototype compound for high-T. superconducting
cuprates [1] and is widely used in nanostructured form [2]. CuO orders
antiferromagnetically below 230 K [3] and is well suited to study compressibility of
copper-oxygen bonds [1] and the charge ordering phenomenon [4]. Bulk CuO has
monoclinic structure built up of CuOg octahedra strongly distorted by the Jahn-Teller
effect, so that four nearest oxygen atoms form square planar coordination of copper.
In this study we have applied extended x-ray absorption fine structure (EXAFS)
spectroscopy to study the local dynamics in CuO as a function of temperature from 10
K to 300 K. The analysis of the Cu K-edge EXAFS from the nearest group of four
oxygen atoms, which is free from any multiple-scattering contributions, allowed us to
extract information on the mean-square relative displacement (MSRD) factor for the
nearest Cu-O atom pairs and to estimate their effective bond strength constant, using
the Einstein model.

[1] H. Ehrenberg, J.A. McAllister, W.G. Marshall, J.P. Attfield, J. Phys.: Condens.
Matter 11, (1999) 6501.

[2] Q. Zhang, K. Zhang, D. Xu, G. Yang, H. Huang, F. Nie, C. Liu, S. Yang, Prog.
Mater. Sci. 60 (2014) 208.

[3] A. Rebello, Z.C.M. Winter, S. Viall, J.J. Neumeier, Phys. Rev B 88 (2013)
094420.

[4] X.G. Zheng, C.N. Xu, Y. Tomokiyo, E. Tanaka, H. Yamada, Y. Soejima, Phys.
Rev. Lett. 85 (2000) 5170.
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MAGNETISKAS REZONANSES SPEKTROSKOPIJAS PETIJUMI BaY,Fs
KRISTALA

Andris Antuzeviésl, Andris Fedotovsl, Dzintars Bérzir)él, Uldis Rogulisl, Reinis Ignatﬁnsl,
Sonia Baldochi®
'Latvijas Universitates Cietvielu fizikas institiits
’Nuclear and Energy Research Institute, University of Sao Paulo

BaY,Fs ir monoklinas c? on stuktiiras kristals ar loti zemu fononu energiju (~ 350 cm’
", tade] tam ir plagas pielietojuma iesp&jas VUV scintilatoros un cietvielu lazeros.
§aja‘1 darba tiek pétits neaktivéts BaY,Fg kristals ar elektronu paramanétiskas
rezonanses (EPR) un optiski detekt§jamam magnétisko rezonansu (ODMR) metodém.
EPR mérfjjumos istabas temperatira redz piejaukuma raditu liniju grupu plasa
magnétiska lauka diapazona. EPR spektru lepkiskas atkaribas iecina par
paramagnétiska centra mijiedarbibu ar specigu kristalisko lauku.

Rekombinativas luminiscences spektros péc apstaroSanas ar rentgenstariem zemas
temperatiiras redz lenkiski atkarigu ODMR signalu pie g ~ 2.

Referata tiks apspriesti iegiitie eksperimentalie rezultati un iesp&jamie defekta modeli.

MAGNETIC RESONANCE SPECTROSCOPY STUDIES IN BaY,Fg
CRYSTAL

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

BaY,F;s is a monoclinic c’ on structure crystal with a low phonon energy (~ 350 cm'l),
therefore, it has potential application in VUV scintillators and solid state lasers.

In this work an undoped BaY,Fg crystal is studied with electron paramagnetic
resonance (EPR) and optically detectable magnetic resonance (ODMR) methods.

EPR measurements at room temperature show a group of lines in a wide magnetic
field range caused by an impurity. The EPR spectra angular dependences indicate an
interaction between the paramagnetic centre and a strong crystalline field.

In recombinative luminescence spectra after irradiation with X-rays at low
temperatures an ODMR signal at g ~ 2 with angular dependence is visible.

In this study the experimental results and possible defect models will be discussed.
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ZnO:Ir PLANO KARTINU SVARSTIBU SPEKTRI

Jevgeénijs Gabrusenoks, Martin$ Zubkins, Georgijs Cikvaidze, Juris Purans, Aina Plaude
Latvijas Universitates Cietvielu fizikas institiits

ZnO :Ir planas kartinas tika iegiitas uz Si un Ti pamatiniem ar reaktivo DC
magnetrona izputinasanas metodi. Pamatini izputinaSanas laika atradas pie istabas un
300°C temperatiras. Tika veikti iegiito kartipu pétjjumi ar XRD, Ramana un FTIR
metodém.

XRD pétijumi parada, ka ZnO kartigas ar nelielu Ir koncentraciju ir ar kristala c-ass
orientaciju perpendikulari pamatinam. Tira ZnO FTIR spektru 580cm™ un 410cm™
LO un TO svarstibu joslas nobidas uz 635cm™ un 465cm’ prieks kartinam ar 20% Ir
koncentraciju. ZnO :Ir planas kartinas ir novérojama jauna 720cm” Ramana josla.
Darba ir veikta Ab inition svarstibu spektru modeléSana.

VIBRATIONAL SPECTRA OF ZnO:Ir THIN FILMS

Jevgenijs Gabrusenoks, Martins Zubkins, Georgijs Chikvaidze, Juris Purans, Aina Plaude
Institute of Solid State Physics University of Latvia

ZnO:Ir thin films on Si and Ti substrates were deposited by reactive DC magnetron
sputtering at room and 300°C temperature. Properties of films were investigated as a
function of iridium concentration in the films by XRD, Raman and FTIR techniques.
XRD measurements show that light doped ZnO thin films with Ir are oriented in the
c-axis direction. Frequency of LO and TO vibrational modes shifts from 580cm™ and
410cm™ for undoped ZnO to 635cm™ and 465cm™ for 20at% Ir doped ZnO
respectively. Raman spectra of Ir doped ZnO films show new features with strong
band at 720cm.

Ab initio calculations were used to model vibrational frequencies.
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ABSORBCIJAS SPEKTRI UN STRUKTURAS IPATNIBAS CINKA-IRIDIJA
OKSIDA PLANAS KARTINAS

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

Caurspidigi elektrovadosi n-tipa oksidi (TCOs) ir labi izpétiti. Toties p-tipa materiali
joprojam nav labi parzinati. Interesi izraisa jauna materialu klase — p-tipa cinka oksids
ar iridiju, jo tam piemit dazas svarigas elektroniskas struktiiras Tpasibas. Lai novertetu
iespgjamos zaud&jumus, kas rodas ieric€s uz So materialu pamata, javeic materialu
struktiras analize.

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

Absorbcijas spektri UV-redzamaja spektrala diapazona ietver tris platas joslas ar
maksimumiem: 240, 446, 710 nm un tuvaja infrasarkana un infrasarkana rajona
parada divas platas joslas ar maksimumiem pie 1100 un 3330 nm. Lai izskaidrotu
absorbcijas spektru, ir nepieciesams Zn-Ir-O planas kartinas sadalit pa koncentracijas
diapazoniem. ZnO materiala pie iridija koncentracijas mazak par 10% un IrO, pie
cinka koncentracijas mazak par 10 %, metala joni tiek noveroti ka izol&ti joni, pari vai
sarezgitaki centri. Pie iridija koncentracijam 10-90 % iridija jonu izvietojumu Zn-Ir-O
planas kartinas var izskaidrot ar $pinela un olivina struktiiru.

ABSORPTION SPECTRA AND STRUCTURE PECULIARITIES
OF ZINC-IRIDIUM OXIDE THIN FILMS

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

Transparent conductive oxides (TCOs) of n-type have been extensively studied.
However, the field of p-type conductors is still well investigated yet. A new class of
p-type zinc oxides with iridium has attracted attention due to some remarkable
features of their electronic structure. Analysis of the structure of these materials is
needed to assess possible losses in the performance of devices built on their basis.
Paper presents results of the absorption spectra investigation of zinc-iridium oxide
thin films. Zinc-iridium oxide thin films were deposited by reactive DC magnetron
sputtering on various substrates. Iridium concentration was controlled by iridium
amount on the zinc target erosion zone and oxygen to argon ratio.

The absorption spectra in the visible range contain three broad bands with maxima:
240, 446, 710 nm and in near infrared and infrared regions exhibit two broad bands
with maxima in the vicinity of 1100 nm and 3330 nm.

To interpret absorption spectra it is necessary to distinguish several concentration
ranges of Zn-Ir-O thin films. In ZnO at iridium concentration less than 10 % and in
IrO, at zinc concentration less than 10 %, metal ions occur as isolated ions, pairs and
more complex centres. The spinel and olivine structures are considered to explain the
arrangement of iridium ions in Zn-Ir-O films when the iridium concentration is
between 10-90 %.
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MAGNETISKAIS CIRKULARAIS DIHROISMS AR RETZEMJU
ELEMENTIEM AKTIVETAS OKSIFLUORIDU STIKLA KERAMIKAS

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

Ar magnétiska cirkulara dihroisma (MCD) metodi ir izm@riti gaismas absorbcijas
spektri ar 1% RE1 = Eu®* un 1% RE2 diaktivétas oksifluoridu stikla keramikas ar
CaF, kristaliskas fazes piejaukumu, (kur RE2 = Dy**, Tb**, Sm>, Er’*, Gd™). Izpétot
MCD spektru atskiribas stikla un stikla-keramiku paraugos, tika noteikts, vai retzemju
jons, ieblivgjoties kristaliskaja matrica, maina ladina stavokli, vai n€. Nosakot MCD
spektru intensitasu temperatiiras atkaribu pie 4.2 K un 1.5 K, tika noskaidrots, vai
noverotais dihroisms ir paramagnétisks vai diamagnétisks.

Stikla-keramiku paraugos ar Gd* piejaukumu pie 310 nm novérotajai MCD joslai
tika izmerits optiski detektetas magnétiskas rezonanses (ODMR) signals, kur§ ir
raksturigs Gd kubiskai apkartnei, kas liecina par Gd* jona iebiivéSanos CaF,
kristalitos [1].

MAGNETIC CIRCULAR DICHROISM IN RARE EARTH ACTIVATED
OXYFLUORIDE GLASS CERAMICS

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

The absorption spectra has been measured with magnetic circular dichroism (MCD)
techniques in oxyfluoride glass-ceramics diactivated with 1% REI = Eu’* and 1%
RE2, (where RE2 = Dy™*, Tb**, Sm™*, Er’*, Gd*), containing CaF, crystalline phase.
After comparing differences in the MCD spectra in glasses and in glass-ceramics
change in the charge state of rare earth ion due to its incorporation in crystalline phase
was determined. From the temperature dependence of intensities in the MCD spectra
measured at 4.2 K and 1.5 K paramagnetic or diamagnetic nature of the magnetic
dichroism was concluded.

The optically detected magnetic resonance (ODMR) resonance has been observed in
the oxyfluoride glass-ceramics samples doped with Gd* ions. Magnetic resonance
signal was observed at 310 nm MCD band, which indicates to Gd** ion in the cubic
crystalline environment [1].

[1] A. Fedotovs, A. Antuzevics, U. Rogulis, M. Kemere, R. Ignatans, J. Non-Cryst.
Solids, 429 (2015), 118-121.

42



Stenda referati, 17. februaris

AR EIROPLJU UN DISPROZIJU KOAKTIVETU OKSIFLUORIDU STIKLU
LUMINISCENCE

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

Ar retzemju joniem aktiveéti oksifluoridu stikli un stikla keramikas tiek uzskatiti par
perspektiviem fotonikas materialiem oksifluoridu zemas fononu energijas dgl.
Aktivatoru paris- Eu’* un Dy3+ - var tikt izmantots baltas gaismas luminoforos. Dota
petijuma ietvaros tiek pétita abu aktivatoru- Eu’* un Dy3+ - luminiscence, aktivatoru
savstarp&ja mijiedarbiba un energijas parneses mehanismi starp aktivatoru joniem.
Darba gaita tika sintezeti caurspidigi oksifluoridu SiO,-Al,03-CaO-CaF; stikli, kas
aktivéti ar Eu’* un Dy3+ joniem (koncentracija = 1mol%). Aktivatoru savstarp&jas
mijiedarbibas pétiSanai tika izvélétas dazadas aktivatoru Dy3 * . Eu? koncentraciju
attiecibas (1:0, 1:1, 1:0.5, 0:1).

Paraugiem izmeériti fotoluminiscences spektri, fotoluminiscences ierosmes spektri, ka
ar fotoluminiscences dziSanas kingtikas, izmantojot ierosinoso gaismu 300-480 nm
robeZzas.

Novérots, ka paraugos, kuri satur abus aktivatorus, Eu’* ierosmes spektrd paradas
nelieli maksimumi pie raksturigajiem Dy’ ierosmes vilpa garumiem (350 nm,
453 nm), tapat novérota arf Dy* luminiscences intensitates samazina$anas vismaz par
50%, ja paraugs satur ari Eu’* jonus. Ari luminiscences dzi$anas kingtikas vérojamas
atSkiribas, kas, kopa ar jau minétajiem secindgjumiem, liecina par energijas pardevi no
Dy’ uz Eu** joniem pétitaja materiala.

LUMINESCENCE OF EUROPIUM AND DYSPROSIUM CO-DOPED
OXYFLUORIDE GLASSES

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

Oxyfluoride glasses and glass-ceramics doped with RE ions are considered as
prospective photonic materials due to the low phonon energy of oxyfluorides.
Activator pair — Dy3+ and Eu’*- can be used in white light luminophores. In the
present work, we have investigated luminescence of two ions (Eu®* and Dy3+), the
interaction and energy transfer mechanisms between both activator ions.

Transparent oxyfluoride glasses with composition SiO,-Al,03-CaO-CaF,, co-doped
with Eu™ and Dy’ *(concentration ~1 mol%), have been synthesized. In order to
investigate the interaction between the activator ions, different concentration ratios of
activators Dy”*: Eu** (1:0,1:1,1:0.5,0:1) were chosen.

The photoluminescence spectra and photoluminescence excitation spectra were
measured, as well as photoluminescence decay kinetics, using the excitation range
300-480 nm.

In the co-doped samples, the excitation spectra of Eu’* show excitation peaks at the
characteristic excitation wavelengths of Dy3+ (350 nm and 453 nm). Luminescence
spectra show that emission intensity of Dy3+ ions in co-doped samples is much lower
with respect to Dy3 " single-doped sample. Furthermore, a changes in luminescence
decay curves are also observed. These findings indicate, that an energy transfer from
Dy** to Eu’* ions occur in the investigated samples.
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Pr** LUMINISCENCE OKSIFLUORIDU STIKLA UN NaLaF, SATUROSA
OKSIFLUROIDU STIKLA KERAMIKA

Girts Zageris, Jurgis Griibe, Anatolijs Sarakovskis, Guna Krieke
Latvijas Universitates Cietvielu fizikas institits

Ar retzemju elementiem aktiveti oksifluorida stikli un stikla keramikas ir interesanti
luminiscgjosSie materiali, kas pec kimiska sastava ir vienadi, bet optiskas ipasSibas
atSkiras, jo retzemju elementu ieblivéSanas mehanismi stikla un stikla keramika ir
atSkirigi, 11dz ar to arT luminiscences procesi stikla un stikla keramika ir dazadi.

Darba gaita sintez&ti oksifluorida stikli ar atskirigam prazeodima koncentracijam —
0.01 mol%, 0.1 mol% un 1 mol%, katras koncentracijas paraugu pagatavojot lidzigas
temperaturas. legttie stiklu paraugi peéc atdzeseSanas tika atkartoti karséti dazadas
temperattras, lai iegiitu NalLaF, saturoSus stikla keramikas paraugus.

Gan stikla, gan stikla keramikas paraugiem tika meriti luminiscences spektri istabas
un zemaja temperatira (15 K), tapat tika iegtitas luminiscences kinétikas dazadam
luminiscences joslam. P&tot iegtitos datus, var konstatet, ka luminiscences mehanismi
stikla un stikla keramika ir atSkirigi, turklat tie ir atkarigi no prazeodima
koncentracijas parauga. Apkopojot rezultatus, tiek spriests par mehanismiem, kas
nosaka luminiscences procesus stikla un stikla keramika un ka Sos mehanismus
ietekm@ prazeodima koncentracija.

Pr’* LUMINESCENCE IN OXYFLUORIDE GLASS AND OXYFLUORIDE
GLASS CERAMIC CONTAINING NaLaF4

Girts Zageris, Jurgis Griibe, Anatolijs Sarakovskis, Guna Krieke
Institute of Solid State Physics, University of Latvia

Rare-earth activated oxyfluoride glass and glass ceramics are interesting luminescent
materials which chemical compositions are identical, but luminescence properties are
different. The mechanisms that determine how rare-earth ions fit into the
crystallographic lattice and, subsequently, how processes of luminescence are
different for glass and glass ceramic materials.

Oxyfluoride glass samples with various concentrations of praseodymium were
obtained — 0.01 mol%, 0.1 mol% and 1 mol%, with each of these samples being
created under similar circumstances. Afterwards, the glass samples were heated once
more in different temperatures in order to obtain glass ceramic samples containing
NaLaF; crystalline phase.

Luminescence spectra both for glass and glass ceramic samples were measured at
room temperature as well at low (15 K) temperature. Luminescence kinetics of
various luminescence bands were also obtained. The accumulated data allows to
conclude that the mechanisms behind luminescence in glass and glass ceramic are
indeed different, and they are dependent on the concentration of the rare-earth ion in a
given sample. Based on experimental results praseodymium concentration impact on
luminescence processes in glass and glass ceramics will be discussed.

This work was supported by National Research program IMIS?
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LUMINISCENCES RAKSTURIPASIBAS ZnO NANOPULVEROS UN
KERAMIKAS

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

ZnO monokristali, nanopulveri, parklajumi, ceramikas pedeja laika tiek plasi pétiti
sakara ar So materidlu iesp&jam pielietot, piemeram, elektrodiem saules baterijas,
gaismas avotos, scintillatoros, varistoros un citur.

ZnO nanopulveri var tikt sintezgti ar dazadam metodém (hidrotermiska, metaliska
cinka oksid&Sana, tvaiku kondensé€Sana izmantojot elektronu kiili, lazerstarojumu,
saules starojumu un citim). Sie nanopulveri atikirds ar nanokristalu morfologiju,
graudu izmériem, aglome@racijas procesu efektivitati, stehiometriju, paSvielas defektu
koncentraciju. Attiecigi keramiku sacepinaSanas procesi un to luminiscentas Tpasibas
ir atkarigas no izv€lata nanopulvera pasibam.

Tika apkopoti luminiscences pétijumi dazada tipa nanopulveros un keramikas, kuras
sacepinatas no Siem nanopulveriem. P&tita keramiku sacepinaSanas procesu ietekme
uz defektu luminiscenci, So keramiku termostimulétd luminiscence un
luminiscencences dziSanas kinétikas.

LUMINESCENCE PROPERTIES OF ZnO NANOPOWDERS AND
CERAMICS

Larisa Grigorjeva, Faina Muktepavela, Kri%janis Smits, Aleksejs Zolotarjovs,
Donats Millers
Institute of Solid State Physics, University of Latvia

The ZnO single crystals, nanopowders, coatings, ceramics were studied due to their
different applications, for example as transparent electrodes in solar cells, light
emitters, scintilators, varistors and elsewhere.

ZnO nanopowders can be synthesized by different methods (hydrothermal, zinc
oxidation, vapor condensation using electron beam, laser irradiation, focused solar
energy and so on). These nanopowders have different morphologies, grain sizes, the
effectivity of agglomeration processes, stechiometry and native defect concentrations.
Respectively, the processes of ceramics sintering and the luminescence properties of
ceramics depends on used nanopowders properties.

The luminescence studies of different nanopowders and ceramics prepared from these
nanopowders were presented. The ceramic sintering processes effects to defect
luminescence, the thermostimulate luminescence and luminescence decay processes
were studied and compared for different types of ceramics.

The financial support of IMIS? Project and ERA-NET RUS projects are greatly
acknowledged.
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LUMINISCENTO PARKLAJUMU IZVEIDE IZMANTOJOT PLAZMAS
ELEKTROKIMISKO OKSIDESANAS (PEO) METODI

Anete Kriimina, Aleksejs Zolotarjovs
Latvijas Universitates Cietvielu fizikas institits

Aluminija mehaniskas un kimiskas tpasibas var uzlabot ar dazadiem piemaisijumiem
(aluminija sakausgjumi) un ta virsmas modifikacijam (galvanizacija, elektrokimiska
parklajuma uzneSana, pulverkrasofana u.c.). Saja darba tiek pétita eiropija jonu
uzneSana uz aluminija, un tai sekojoSu plazmas elektrokimisko oksidaciju, tadejadi
iegiistot mehaniski izturigu parklajumu ar Eu jona luminiscenci.

Ar PEO metodi uz aluminija parauga virsmas izveido dazada blivuma nanocaurumus,
kuros elektrokimiski ienes Eu’* jonus. Petijuma apskatitas So parklajumu oksidéSanas
iespgjas mainot PEO parametru uzstadijumus un elektrolita sastavu, lai iegitu
parklajumu ar intensivako luminiscenci.

Pétitas parklajumu luminiscento Ipasibu izmainas atkariba no PEO parametriem.
Parklajumu morfologija un jonu ieblivéSanos tajos apskatita izmantojot skeng&joso
elektron mikroskopu (SEM).

Petijuma analiz€ta dazadu parametru - Eu®* jonu koncentracijas, nanocaurumu
diametra, oksidacijas intensitates - ietekme uz parklajuma kvalitates un luminiscences
Tpasibam.

LUMINESCENT COATING PREPARATION BY PLASMA ELECTROLYTIC
OXIDATION (PEO) METHOD

Anete Krumina, Aleksejs Zolotarjovs
Institute of Solid State Physics, University of Latvia

Mechanical and chemical properties of aluminium can be enhanced by several
methods like impurities (aluminium alloys) or surface modification (plating,
electrochemical plating, powder coating, etc.). In this work europium ion
incorporation in aluminium by plasma electrochemical oxidation method is studied,
thereby obtaining luminescent coating that is mechanically resistant.

Nanopores with various densities are created on aluminium surface by PEO method
and then are electrochemically filled with Eu®* ions. Various oxidation methods are
studied by changing PEO parameter settings and electrolyte composition with goal to
create coating with most intense luminance.

The luminescent properties of coatings are studied using photoluminescence
technique. Nanostructures and their modification with Eu ions were observed by
scanning electron microscopy (SEM).

In this study the effect of electrolyte composition, Eu’*ion concentration, nanopore
structure and oxidation intensity on liminescence is studied.
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OPTIMALAS Er, Yb UN Nb KONCENTRACIJAS ZrO; NANOKRISTALOS
INTENSIVAI AUGSUP-PARVEIDOTAJAI LUMINISCENCEI

Dags Oléteinsl, Dzidra Jankovi¢a®
"Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas Universitates Neorganiskds kimijas institiits

AugSup-parveidotajai luminiscencei ZrO, materiala var€tu bt vairaki perspektivi
pielietojumi, jo S$is materials ir kimiski stabils un nav toksisks, attiecigi labi
izmantojams biomark&Sana un biosensoros, tacu ZrO, augSup-parveidotas
luminiscences kvantu iznakums ir zemaks salidzinot ar fluorida materialiem. LU CFI
veiktie petijumi parada ka papildus aktivéjot cirkonija dioksidu ar Nb luminiscences
intensitate var tikt palielinata desmitiem reiZu, kas padara So materialu daudz
interesantaku praktiskiem pielietojumiem.

ST pétijuma mérkis ir noskaidrot optimalas aktivatoru (Er, Yb un Nb) savstarpgjas
koncentracijas maksimalai augSup-parveidotas luminiscences intensitatei. Tadg]
sintez&ti nanokristalu paraugi peéc Sol-Gel metodes, tie atkarseti dazadas temperatiiras,
lai parbauditu graudu izméru ietekmi uz luminiscences intensitati.

Iegtitas luminiscences intensitates atkaribas no Er, Yb un Nb koncentracijas pie
dazadam ierosmém.

Pétijuma rezultata iegiti ZrO, paraugi ar ievérojami intensivaku augsup-parveidoto
luminiscenci.

OPTIMAL Er, Yb AND Nb CONCENTRATIONS
FOR UPCONVERSION LUMINESCENCE IN ZrO, NANOCRYSTALS

Dags Olsteinsl, Dzidra Jankovica®
! Institute of Solid State Physics, University of Latvia
*Institute of Inorganic Chemistry, Riga Technical University

ZrO, as a host for upconversion luminescence is very attractive, due to its chemical
stability and non-toxic properties. Therfore zirconia based materials could potentially
be used as biomarkers and biosensors. However, the quantum outcome of
upconversion luminescence in ZrO, is lower than that of fluorides. ISSP UL research
shows that co-doping ZrO, with Nb can increase the intensity of luminescence dozens
of times, making the material more attractive for practical applications.

The aim of this research is to determine the optimal concentrations of dopants (Er, Yb
and Nb) for maximum upconversion luminescence intensity.

The samples were prepared using the Sol-Gel method and annealed in different
temperatures to check the effect of grain size on the intensity of luminescence. A
correlation between the intensity of luminescence and the concentration of dopants
was found for different luminescence excitations types.

Ultimately samples of ZrO, with a greater intensity of upconversion luminescence
were acquired.
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MODIFICETAS KALVIJA-NATRIJA NIOBATA KERAMIKAS
DIELEKTRISKAS IPASIBAS ZEMO FREKVENCU DIAPAZONA

Karlis Bormanisl, Anver L. Burkhanovz, Tlze Smelterel, Maija Antonoval, Anna Kalvane'
"Latvijas Universitates Cietvielu fizikas institiits
? Volgogradas Valsts Arhitektiras un InZenieru Universitate

Kalija-natrija niobata cietie $kidumi ierindojami starp perspektivakiem bezsvina
segnetoelektriskiem materialiem.

Ar ciet-fazu reakciju metodi sintez&ts cietais Skidums (Ko sNags)(Nb;xSby)Os3 ar
x =0,05 (KNN-5) un izgatavoti keramiski paraugi; pétitas dielektriskas ipasibas
atkariba no elektriska lauka intensitates, starojuma iedarbibas un priekS§véstures.
Nepolarizétai KNN-5 keramikai, apstarotai ar mazjaudigu UV starojumu (A=405 nm;
0,2 W/cm?) petitas 1ssleguma foto-stravas. PEc starojuma ieslegSanas/izslegSanas foto-
stravas intensitate samazinas eksponenciali, kas norada uz starojuma inducéta telpas
ladina relaksatora dabu un foto-voltaisko efektu KNN-5 keramika. Konstatéts, ka péc
50 min. infra-zemfrekvences sinusoidala lauka iedarbibas maksimala foto-strava
samazinas, kas saistams ar telpas ladina izzuSanu.

Infra-zemo frekvencu dielektriskie petfjumi veikti uzgemot histerézes cilpas pie
dazadiem sinusoidala lauka un UV starojuma iedarbibas laikiem. Termodinamiski
stabiliz€tam paraugam, palielinot nobides lauku, pieaug dielektriskas caurlaidibas
dispersija.

DIELECTRIC PROPERTIES OF POTASSIUM-SODIUM NIOBATE
CERAMICS AT LOW FREQUENCIES

Karlis Bormanisl, Anver 1. Burkhanovz, Ilze Smelterel, Maija Antonoval, Anna Kalvane'
! Institute of Solid State Physics, University of Latvia
? Volgograd State Architectural and Engineering University

Studies of electrical properties of ferroelectric potassium-sodium niobate ceramics of
(KosNap s)(Nb;xSby)Os (KNN-x) at x=0.05 (KNN-5) synthesised by conventional
solid state reactions with admixture of 0.5mol% MnO; subjected to extended
exposure to constant temperature, electric field and radiation are reported.

The photocurrent excited by low-intensity (0.2 W/cm?) UV (A = 405 nm) radiation has
been measured in a shortcut circuit of unpolarised sample irradiated through
perforated electrode. The infra-low frequency dielectric response is studied by
Sawyer-Tower techniques used to record polarisation loops under sinusoidal field of
constant amplitude E of different duration. The observed exponential decline of
photocurrent is assumed pointing to relaxation of the space charge emerging in KNN-
5 at irradiation as in other ferroelectrics. The photocurrent observed not diminishing
to zero is ascribed to photovoltaic effect known in light-sensitive ferroelectrics. The
decrease of photocurrent maximum found after 50 min under infra-low frequency
sinusoidal field is ascribed to destruction of the space charge.

Behaviour of polarisation loops after different numbers of cycles of the sinusoidal
electric field E is presented. A considerable rise of the dispersion of dielectric
permittivity is observed at increasing E. after the samples are held at constant
temperature and constant bias field.
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MODIFICETA LITIJA NIOBATA MONOKRISTALU AUDZESANA UN
IPASIBAS

Karlis Bormanis', Mikhail Palatnikovz, Nikolay Sidorov?
"Latvijas Universitates Cietvielu fizikas institiits
? Krievijas ZA Kolas Zindtniska Centra 1.V.Tananajeva Kimijas Institiits

Petiti liela izméra (J>80mm) modificétu (2,9-5,8 mol.% MgO; 4-9 mol.% ZnO) litija
niobata (LiNbO3) monokristalu audz&Sanas apstakli, noteikti dielektriskie un optiskie
parametri, optimiz&ta augstvertigu optisko kristalu ieguve.

Konstatets, ka optiski un kompozicionali viendabigakus bezdefektu LiNbOs;:Zn
kristalus iespgjams izaudzet no litija niobata kaus€juma ar cinka koncentraciju 5,4-6,8
mol.%. Kvalitativakie monokristali iegiiti no kauséjuma ar 6,12 mol.% ZnO; pie 6,8
mol.% ZnO vérojamas biitiskas struktliras un ar to saistito fizikali-ktmisko parametru
izmainas.

Katjonu Zn** un Mg?** radiusu izméri at3kiras maz, tatu LiNbO3:Zn un LiNbO3:Mg
fizikalas Tpasibas atSkiras bitiski: ar Zn modific€tie LiNbO; kristali ir loti jiitigi uz
cinka koncentracijas izmainam un ar to tie principiali atSkiras no LiNbO3:Mg sistémas.
No LiNbOs:Zn kaus€jumiem ar dazadu cinka koncentraciju, kuriem bitiski atSkiras
fizikali-ktmiskas 1pasibas, iespgjams ieglit LiNbO;:Zn kristalus ar vienadu cinka
koncentraciju, bet dazadu ieksgjo struktiiru.

Monodomenizétos LiNbO;:Zn kristalos, pieaugot unipolaritatei. verojamas
Iecienveida anomalijas vadamibas o(T) un dielektriskas caurlaidibas &(T) atkariba no
temperatiras un pjezomodula ds33 pieaugums.

GROWTH AND PROPERTIES OF MODIFIED LITHIUM NIOBATE SINGLE
CRYSTALS

Karlis Bormanis', Mikhail Palatnikovz, Nikolay Sidorov?
! Institute of Solid State Physics, University of Latvia
? V. Tananaev Institute of Chemistry, Kola Scientific Center, RAS

A study of conditions under which large LiNbOj3 singe crystals of diameter over 80
mm are obtained from melt over a wide range of admixture concentrations (2.9 — 5.8
mol.% MgQO; 4 - 9 mol.% ZnO) is reported.

Optically and compositionally homogeneous perfect LiNbO3:Zn crystals have been
grown from melt of admixture content within the range 5.4 - 6.8 mol.% ZnO the best
characteristics being shown by LiNbOs3:Zn single crystals grown from melt of 6.12
mol.% ZnO. A significant change of the structure and properties is observed in
crystals grown from melt containing > 6.8 mol. % ZnO.

LiNbO3:Zn crystals of the same admixture concentration and different structures have
been grown from melts of different Zn admixture concentration. The LiNbO3:Zn
system is sensitive to zinc concentration in the melt, which makes it completely
different from the LiNbO3;:Mg system. Proximity of the ion radii of Zn** and Mg2+
cations is not significant enough to assume the two melt-crystal systems having
similar behaviour.

The rise of unipolarity in single-domain LiNbOj3:Zn crystals is accompanied by
anomalies on o(T) and &(T) curves and a significant increase of the value of piezo-
modulus d333.
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NBT CIETO SKIDUMU MODIFICF:SANA DIELEKTRISKO IPASIBU
UZLABOSANAI

Dana Koniéevskal, Eriks Birksz, Maris Kundzir,lé2
'Rigas Juglas vidusskola
Latvijas Universitdtes Cietvielu fizikas institiits

Pedgjo gadu laika aktuals temats ir bezsvina segnetoelektrisko materialu petijumi ar
noliku atrast konkur€tspgjigus aizvietotajus elektroniskaja ripnieciba plasi
izmatotajiem svinu saturo$ajiem perovskita materialiem. P&tfjuma mérkis ir sintez&t
un izpétit paSibas ar vairaku veidu piejaukumiem modific€tai natrija - bismuta
titanata keramikai (NBT), lai iegiitu kondensatoru materialus ar minimalu
dielektriskas caurlaidibas temperatiiras atkaribu plasa temperatiiras diapazona.
Dazados tehnologiskos rezimos tika sintez&ti vairaku sastavu paraugi:
0,864(Na0’5Bi0’45Er0’05)TiOg—O,OS6BaTiO3—0,08NaNb03
0,864(Na0’5Bi0,4Er0’1)TiO3—0,056BaTiO3—0,08NaNb03
0,96[0,7(N30,5Bi0,5)TiO3-0,3SI‘0,7Bi0,2TiO3]—0,04NaNbO3
0,7(Na0’5Bi0,45El‘0’05)TiO3—0,3Sl‘0’7Bi0’2TiO3

leglitajiem paraugiem izmerits blivums, veikta rentgenstruktiiranalize, keramikas
luizuma virsmas pétitas ar skangjoSo elektronu mikroskopu, veikti dielektriskie
mérijumi intervala 20°C - 400°C.

Ir noteikta erbija un natrija niobata ietekme uz pétito materialu dielektriskajiem
parametriem. Vislabakie rezultati tika iegtti, modific€jot NBT-SBT cietos Skidumus
ar natrija niobatu.

OPTIMIZATION OF DIELECTRIC PROPERTIES IN NBT
CONTAINING COMPOUNDS

Dana KoniSevska', Eriks Birks®, Maris Kundziné2
'Riga Jugla Secondary school
*Institute of Solid State Physics, University of Latvia

Research of lead-free ferroelectric materials is actual, looking for competitive
replacements of widely used in electronic manufacturing lead containing perovskites.
The present study is devoted to synthesis and study of structure and dielectric
properties of modified sodium bismuth titanate, which could be appropriate as
material for capacitor production with reduced dependence of dielectric permittivity
on temperature. Using various parameters of sintering the following compositions
were sintered:

0,864(Na0’5Bi0’45Er0’05)TiOg—O,OS6BaTiO3—0,08NaNb03
0,864(Na0’5Bi0,4Er0,1)TiO3—0,056BaTiO3—0,08NaNb03
0,96[0,7(N30,5Bi0,5)TiO3-0,3SI‘0,7Bi0,2TiO3]—0,04NaNbO3
0,7(Na0’5Bi0,45El‘0’05)TiO3—0,3Sl‘0’7Bi0’2TiO3

Density measurements, x-ray analysis, SEM pictures and dielectric properties in
temperature range 20°C-400°C were provided. The role of Erbium and sodium
niobate on dielectric properties is determined. The best results were obtained,
modifying NBT-SBT solid solutions with sodium niobate.
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POLARIZACIJAS HISTEREZES TEMPERATURAS ATKARIBAS
PLZT 8/65/35 KERAMIKA LEGETA AR 3d ELEMENTIEM

Lelde Kundzina, Maris Kundzins, Karlis Kundzins, Maris Livin§, Maija Antonova,
Aina Plaude, Vilnis Dimza.
Latvijas Universitates Cietvielu fizikas institiits

Polarizacijas histerézes pétijumi ABO; tipa segnetoelektrikos var dot vertigu
informaciju par mikroskopiskajiem polarizacijas procesiem. IpaSa téma ir
polarizacijas procesu izmainas, leg€jot ABOs ar 3d elementiem. Sastopami bieZi vien
pretrunigi dati un, attieciga interpretacija.

Run3jot par miisu darba petamo objektu PLZT 8/65/35 + 3d (Mn, Fe, Co, Cu)
elektrooptisko keramiku, jasecina, Iidz Sim parsvara ir realiz€ti meérijumi vajos
elektriskos laukos, t.i., tika uznemtas kompleksas dielektriskas caurlaidibas frekvencu,
temperatiiras un tml. atkaribas. Tika konstatéts, ka, ja PLZT 8/65/35 nelegéta stavokli
uzrada tipisku relaxor uzvedibu, tad leg€Sana izsauc bitiskas novirzes no relaxor
uzvedibas.

Pasreizgja darba gaita tika pétitas polarizacijas histerézes cilpas P(E) pie dazadiem
laukiem 1-30kV/cm. Temperatiiras diapazons: no -50°C lidz +100°C. Tika varigtas
elektriska lauka frekvences: a) P(E) tika meéritas kvazistatiska limita reZzZima uzliekot
trisstirveida spriegumu  ar mainigu periodu 1-16 min. diapazona; b) S50Hz
mainsprieguma reZimos. Rezultata var iegiit bitiski atSkirigas P(E) cilpas, ka
pieméram: 1) linearas, nepilnigas (minor) un piesatinatas (saturated); ?2)
taisnstirveida (ka segnetoelektrikos); 3) dubultas (ka antisegnetoelektrikos); 4)
ieznaugtas (constricted).

Tiek diskuteti polarizacijas izmaigas noteicosie mikromehanismi.

POLARISATION HYSTERESIS AND THERMAL DEPENDENCES IN
PLZT8/65/35 CERAMICS CONTAINING ADMIXTURES OF 3d ELEMENTS

Lelde Kundzina, Maris Kundzins, Karlis Kundzins, Maris Livins, Maija Antonova,
Aina Plaude, Vilnis Dimza.
Institute of Solid State Physics, University of Latvia

Studies of polarisation hysteresis in ABO; ferroelectrics provide valuable information
concerning microscopic polarisation mechanisms the changes of which caused by
admixtures of 3d elements are of particular interest. Rather often the available data
and interpretations are controversial.

Speaking of the objects of the presented studies — PLZT 8/65/35 + 3d (Mn, Fe, Co, Cu)
electro-optical ceramics, so far the measurements of the complex dielectric
permeability as function of frequency, temperature, etc. have been made mainly under
low electric field intensities. It has been observed that pure PLZT 8/65/35 exhibits
distinctive relaxor behaviour while substantial deviations are witnessed in modified
compounds.

Presently reported are studies of polarisation loops P(E) at field intensities from 1 to
30 kV/cm at temperatures from -50 °C to +100 °C the frequencies of the electric field
being varied to cover: a) the quasi-static limit under triangular voltage of periods
between 1 and 16 min and b) 50 Hz AC voltage providing different shapes of P(E),
such as 1) linear, minor and saturated; 2) rectangular loops characteristic to classic
ferroelectrics; 3) double loops similar to anti-ferroelectrics and 4) constricted loops.
The possible micro-mechanisms of the changes of P(E) shapes are discussed
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AR AKCEPTORIEM AK'I:IVETU BaZrO;3 UN SrTiO3
KATODLUMINISCENCES IPASIBU SALIDZINOSIE PETIJUMI

Volodimir Savchyn', Olena Aksimentyeva', Halyna Klym®, Ivan Karbovnyk®, Edgars Elsts’,
Janis Jansons®, Anatoli Popov3
! Ivana Franko Lvovas Nacionala Universitate
2 Lvovas Politehniska Valsts universitate
? Latvijas Universitates Cietvielu fizikas institiits

Barija cirkonatam (BaZrOs;), ka ABO; tipa savienojumam ari piemit kubiska
perovskitu tipa struktiira.

Sakara ar tira un aktivéta BaZrOs seviskajam fizikalajam 1pasibam, tas ir piem&rots
pielietojumiem elektrokeramikas nozar€, ugunsizturigiem materialiem, ka ar1 hibridu
luminiscentiem materialiem [1,2].

gajé darba ar akceptoriem aktivétam BaZrOs3, proti Ba(Zrp04Y0,06)O35, kas iegiits no
Maksa Planka Institita Stutgarts, tika pétitas katodluminiscences Tpasibas
temperatiira no 78K 1idz 300 K un salidzinatas ar tados pasos apstaklos ierosinatiem
(10 keV) diviem citiem materialiem: iepriek§ daudz pétito perovskitu SrTiO;3 un kalija
bromidu KBr - tiru un aktivétu ar In (TI) joniem.

COMPARATIVE STUDIES OF CATHODOLUMINESCENCE PROPERTIES
OF ACCEPTOR-DOPED BaZrO3; AND SrTiO3

Volodimir Savchyn', Olena Aksimentyeva' , Halyna Klym®, Ivan Karbovnyk®, Edgars Elsts’,
Janis J ansons3, Anatoli Popov3
! Ivan Franko National University of Lviv
? Lviv Polytechnic National University
7 Institute of Solid State Physics, University of Latvia

As an ABOs-like compound, Barium zirconate (BaZrQ3) also has a cubic perovskite-
type structure.

Due to its singular physical properties, both pure and doped BaZrOj; are attractive for
applications in the electroceramics industry, special refractory as well as hybrid
luminescent materials [1,2].

In current work, cathodoluminescence properties of the acceptor-doped BaZrOs,
namely Ba(Zrp04Y006)O35 obtained from Max-Planck-Institute Stuttgart, have been
studied at temperatures from 78 K to 300 K and compared with at the same
condition excited (10 keV) two other materials: well-studied perovskite SrTiO; and
potassium bromide KBr - pure and In(TI) ion doped.

1. Aksimentyeva, O. I, et al. "Modification of Polymer-Magnetic Nanoparticles by
Luminescent and Conducting Substances." Molecular Crystals and Liquid Crystals
590.1 (2014): 35-42.

2. Aksimentyeva, O., et al. "Effect of polymer matrix on the structure and
luminescence properties of barium zirconate nanocrystals.” Chemistry of metals and
alloys 6,Ne 3-4 (2013): 177-182.

Financial support from Latvian National Research Program IMIS® (2014-2017) is
gratefully acknowledged.
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KARSETU Na-Al-Si STIKLA §KIEDRA§ AUDUMU MASAS ATGUSANAS
KINETIKA ATMOSFERA AR DAZADAM MITRUMA UN CO,
KONCENTRACIJAM

Evalds Pentjuss, Andrejs Lisis, Jevgeénijs Gabrusenoks, Janis Balodis, Gunars Bajars
Latvijas Universitates Cietvielu fizikas institits

Karbonizetas Na-Al-Si stikla Skiedras auduma masa péc auduma izkarseSanas vismaz
pirmo 0,25 h laika (t) aug atbilstosi (R2>0,999) izteiksmei [1]
A(t)=Ap-Asexp(-t/t))-Ax(-t/ty) q))

kura t; un t t;<tp) ir laika konstantes, Ao, A; un A, - masas konstantes. Dotaja darba,
salidzinot masas atgiiSanas laika atkaribas istabas vid€ ar paaugstinatu RH (1idz 70%)
un CO; koncentraciju (1500 ppm), paradits, ka formulas (1) pirma eksponente
raksturo CO, un otra - Gdens absorbciju Skiedru karbonata caulas. CO, masa (A;)
sasniedz Iidzsvaru ar vidi jau 0,25 h intervala sakuma (t;=0,005-0,015 h). Udens
absorbcija ir daudz 1énaka (t,=0,14-0,9 h) un 0,25 h laika nesasniedz Iidzsvarotu ar
vidi masu A, (0,04—0,4 mg/cm®). Masas augiana péc 0,25 h paliek Iénika par
izteiksmes (1) paredzéto. Udens kristalizacija sakas ar masas augSanu. Izteiksmes (1)
konstantes un kristalizacija atkarigi no izkarséSanas temperatiiras, vides RH un CO,
koncentracijas. Rezultata masas-laika atkaribas var loti atskirties.

MASS RECOVERY KINETICS OF HEATED Na-Al-Si GLASS FABRIC IN
ATMOSPFERES WITH DIFFERENT HUMIDITY AND CO;,
CONCENTRATION

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

Carbonated Na-Al-Si fabrics at least during 0,25 h after heating regain its mass
following (R*>0,999) relation [1]

A()=Ao-Aexp(-t/t;)-Ax(-t/ts) (1)
where t; and t; (;<tp) are time and Ay, A, A, - mass constants. There are compared
the regains of mass in atmospferes containing different RH and CO, concentrations in
this work. It is concluded that first exponent characterize absorption of CO, and
second one water in carbonated shell of glass fibres. Mass of CO, (A;) reaches
equilibrium with environment at the beginning of 0,25 h interval (t,=0,005-0,015 h).
Absorption of water is much slower (t,=0,14-0,9 h) and during 0,25 h equilibrium is
not reached. Mass gain after 0,25 h is much slower as it predicts by relation (1). Water
crystallization begins with new mass rise. Constants of relation (1) and crystallization
depend on treatment temperature and RH and CO, concentration of environment.
Authors acknowledge the Latvian National Research Program IMIS? for financial
support.

[1] Pentjuss E, Lusis A, Bajars G and Gabrusenoks J 2013 IOP Conf. Series:Materials Science and
Engineering 49 012044 doi:10.1088/1757-899X/49/1/01/012044
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GRAFENA/TiO»/Fe;03 KOMIiOZiTU ELEKTROFORETISKA IEGUSANA
UN FIZIKALI-KIMISKO IPASIBU SALIDZINAJUMS Li-JONU BATERIJU
PIELIETOJUMAM

Janis Mateuss, Kaspars Kaprans, Anna Dorondo, Gunars Bajars, Gints Kucinskis,
Janis Kleperis
Latvijas Universitates Cietvielu fizikas institiits

Darba izstradata metode divu metalu oksidu (Fe,Os; un TiO,) kompozitmaterialu ar
graféna oksidu (GO) kartinpu elektroforétiskai uzklaSanai. Veikta iegiito
kompozitmaterialu kartinu elektrokimisko Tpasibu izpete un dati apkopoti sekojosa
tabula. TiO,/Fe,Os/reducéta GO kompozitmaterials uzradija augstu gravimetrisko
ladinietilpibu un izcilas cikl&jamibas spg€jas, saglabajot 100% no sakotngjas
gravimetriskas ladinietilpibas péc 100 uzlades-izlades cikliem.

GRAPHENE/TiO»/Fe;O; COMPOSITE ELEKTROPHORETIC DEPOSITION
AND COMPARISON OF PHYSICO-CHEMICAL CHARACTERISTICS FOR
USE IN Li-ION BATTERIES

Janis Mateuss, Kaspars Kaprans, Anna Dorondo, Gunars Bajars, Gints Kucinskis,
Janis Kleperis
Institute of Solid State Physics, University of Latvia

Electrophoretic deposition method to obtain composite thin films of two metal oxides
(Fe,O3 and TiO;) in combinations with graphene oxide (GO) are elaborated in current
work. Electrochemical characteristics of composite films have been studied and
results are showed in the table below.

Specific gravimetric capacities of obtained composite thin films

Nr. 1 2 3 4 5 6
Metal oxide, which was
used in combination with TiO, Fe,O;3 F?203/ TiO, Fe,O;3 F?203/
. T102 T102
reduced graphene oxide
Reduction 700°C X X X
temperature 500 °C X X X
. 15V/cm, 15V/cm, 15V/cm, 15V/cm, 15V/cm, 15V/cm,
Electrophoresis parameters . . . . . .
Smin Smin Smin Smin Smin Smin
Sample mass 0,5 mg 0,3 mg 0,8 mg 0,11 mg 0,20 mg 0,18 mg
Specific capacit 116 39 93 775 232 985
P pactty mAh-g-l | mAhgl | mAhgl | mAhgl | mAhgl | mAhgl
Specific current 20 30 50 125 1000 110
P mA-g-1 mA-g-1 mA-g-1 mA-g-1 mA-g-1 mA-g-1

TiO,/Fe,0Os/reduced GO composite showed high specific capacity and excellent
cycling ability maintaining 100% specific capacity after 100 charge-discharge cycles.
acknowledge the Latvian Council of Science Cooperation Project
No.666/2014 for financial support.

Authors
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VARA OKSIDA FOTOELEKTRODA STABILIZACIJAS MEHANISMI

Martins Vanags, Artis Volkovs, Janis Kleperis
Latvijas Universitates Cietvielu fizikas institiits

Udens fotoelektrolizes $tina CuO, ka fotoelektroda, biitisks trikums ir ta stabilitate.
Vairakos darbos CuO fotoelektroda stabilitate tiek uzlabota ar dazadu citu jonu
piejaukumiem [1,2]. Mérkis miisu petfjumiem ir pieradit, ka fotoelektrolizes laika,
mainot lidzsprieguma komponentes vertibu, var palielinat CuO parklajuma noturibu.
Ar elektroforézes metodi uz neriis€josa térauda pamatnes tiek uzklata Cu,O kartina,
kas péc tam tiek apdedzinaja pie 450 °C vienu stundu. Struktiiras un morfologijas
petijumi ar XRD un SEM attiecigi rada, ka pec apdedzinaSanas dominé CuO faze,
tatad  apdedzinaSanas procesa Cu,O  transformgas par CuO  fazi
Fotoelektroktmiskajos mérijjumos noskaidrots, ka maksimala fotostrava ir pie -500
mV (attieciba pret SCE). Savukart pie -50 mV tumsas strava ir ar pret&ju polaritati.
Merot fotostravu pie -500 mV, ta samazinajas 1 stundas laika par 40%. Savukart, kad
fotostravu méra reZima cita reZima (10 sekundes paraugu apgaismo pie -500mV un
pec tam 10 sekundes to tur tumsa pie -50 mV), fotostrava 1 stundas laika batiski
nemainija savu vertibu, bet pec 5 stundam ta bija samazinajusies tikai par 5%. Darba
skaidroti iegiitie rezultati.

STABILIZATION MECHANISMS OF CuO PHOTOELECTRODE

Martins Vanags, Artis Volkovs, Janis Kleperis
Institute of Solid State Physics, University of Latvia

Major drawback of CuO as photoelectrode in water photo electrolysis cell is its
stability. In several research works the stability of CuO photoelectrode is enhanced
with adding different impurities [1,2]. The aim of our research is to demonstrate that
changing the DC component value during photoelectrolysis can increase the resilience
of CuO coating. Cu,O layer is coated on stainless steel substrate with electrophoretic
method, and after annealed at 450 °C for one hour. Structure and morphology of
coatings are studies by XRD and SEM respectively; it is established that during
annealing dominate CuO phase, so the firing process characterizes with transforming
of CuO into CuO phase. Photo-electrochemical measurements showed that the
maximum photocurrent is at obtained at -500 mV (with respect to reference electrode
SCE). At -50 mV the dark current of CuO coating changes to the opposite polarity.
Measurements of photocurrent stability at -500 mV indicate the decrease by 40% in 1
hour. Nevertheless, when photocurrent is measured with another mode (illuminates
the sample at -500mV - 10 seconds, darkness at -50 mV - 10 seconds), photocurrent
did not significantly change its value during 1 hour, but after 5 hours it had fallen by
only 5% . Results are explained in report.

References:
1. H. Tang, M. A. Matin, et all. J. Electronic Materials, 2012, 41, 11, pp 3062-3067.
2. U. Shaislamova et all. Intern. J. Hydrogen Energy, 41, 4, 2016, pp. 2253-2262.

The financial support of National Research Program LATENERGI is greatly
acknowledged.
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RADIACIJKIMISKI SKERSSAISTITU DAUDZSLANU OGLEKLA
NANOCAURULISU - POLIOLEFINU NANOKOMPOZICLJU STRUKTURAS
IZPETE UN MEHANISKO IPASIBU NOVERTEJUMS

Ricards Kovaldins', Ingars Reinholds?, Gunta I,{ize'mel, Janis Zicans®, Jevgenijs Gabrusenoks”
"Latvijas Universitates Kimiskas fizikas institiits
? Latvijas Universitates Kimijas fakultdte
IRigas Tehniskas universitates Neorganiskds kimijas institiits
*Latvijas Universitates Cietvielu fizikas institiits

Dazadi petfjumu, liecina par oglekla nano-caurulisu (ONC) ietekmi uz polimé&ru
materiala mehaniskajam 1IpaSibam, oksidéSanas procesu samazinasanu un
SkerssaistiSanas reakciju pieaugumu, apstarotiem kompozitmaterialiem.

Petijuma novertetas ar paatrinatiem elektroniem apstarotas vid€ja blivuma polietiléna
(PE) kompozicijas ar daudzslanu ONC pildvielu. Paraugi apstaroti I1dz absorb&tajam
dozam 150-1000 kGy. Raksturotas kompozitu mehaniskas Ipasibas. Tika pielietota
FTIR IS spektrometrija, trans-vinil un ketonu saisu noteikSanai; Raman spektrometrija,
lai raksturotu ONC oglekla atomu svarstibas kompozitu struktira. Raksturota parauga
kristaliskuma pakape, izmantojot Rentgena staru difraktometriju un noteikts
gelfrakcijas saturs.

Dazadu paraugu, struktiiras izpéte, liecina par ONC pozitivu ietekmi uz materiala
mehaniskajam 1pasibam, rezistenci pret oksideéSanos un Sk&rssaistiSanas reakciju
pieaugumu.

STRUCTURAL AND MECHANICAL PROPERTY ANALYSIS OF
RADIOCHEMICALY CROSS-LINKED MULTI-LAYERED CARBON
NANOTUBE - POLIOLEFINNANOCOMPOSIT MATERIAL

Ricards Kovaldins', Ingars Reinholds®, Gunta Kizane', Janis Zicans®, Jevgenijs Gabrusenoks®
!Institute of Chemical Physics, University of Latvia
’Department of Chemistry, University of Latvia
*Institute of Polymer Materials, Riga Technical University
*Institute of Solid State Physics, University of Latvia

There have been many publications, indicating that carbon nano-tubes (CNT) have a
significant effect on mechanical properties, reduction of oxidation and increase in
cross-linking reactions, of different irradiated composite materials.

A study of average density polyethylene (PE), multi-layer CNT composite materials,
irradiated by electron beam, has been conducted. Different samples were prepared,
each irradiated with absorbed dose from 150 — 1000kGy. Mechanical properties were
observed via stretching of sample. FTIR spectrometry was used to identify trans-vinyl
and ketone active groups. Raman spectrometry was used to observe carbon bond
oscillations in CNT. Degree of crystallinity was characterized, by using X-ray
diffraction and further defined by gel fraction identification.

Structural observation, of different samples, indicated that CNT have an effect on
improving mechanical properties, resistance to oxidation, and the likelihood of cross-
linking reactions.
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DIVERTORA MATERI{&LU MODIFICESANAS IETEKME UZ
KODOLDEGVIELAS UZKRASANOS JET KODOLSINTEZES REAKTORA

Mihails Halitovs', Gunta I,{ize'mel, Jari Likonenz, Nicolas Bekris®
'Latvijas Universitates Kimiskas fizikas institiits
*VIT Technical Research Centre of Finland
Karlsruhe Institute of Technology, ITEP-TLK

Oglekla kompozitmaterialiem raksturiga augsta tritija caurspiesanas spgja un afinitate.
Lai mazinatu kodoldegvielas uzkrasanos kodolsintézes iekartas, divertora materiali
tiek modificéti. Volframa parklajumi tiek izmantoti ka viens no efektivakajiem
veidiem, lai mazinatu tritija uzkraSanos. Petijuma izverteta parklajumu modific€Sanas
efektivitate un rezultati paredzéti ITER kodolsintézes reaktora divertora kiegelu
materialu uzlaboSanai.

Petijuma veikta tritija uzkraSanas salidzinasana dazadu JET kodolsintézes iekartas
divertora kiegelu paraugos. Analizéti paraugi ar vienadu izvietojumu divertora.
Analizetajiem paraugiem bija 20-200 um W parklajums ar Mo starpslani.
Nemodificetiem materidliem bez parklajuma Ipatn€ja virsmas aktivitateé ir videji
10 Bq-g’l, bet aktivitate tilpuma ~10* Bq-g'. Novérots, ka volframa parklajumi
samazina tritija uzkraSanos gan uz virsmas, gan ari tilpuma. Ipatnga virsmas
aktivitate paraugiem ar parklajumu samazinas lidz 10° Bg-g' bet tilpuma — lidz
10° Bqg.

Volframa parklajumu efektivitate ir mainiga atkariba no parauga novietojuma un
saskares ar plazmu. Viennozimigi var secinat, ka materialu modific€Sana ar
parklajumiem ir efektiva, lai samazinatu tritija uzkrasanos divertora materialos.

THE INFLUENCE OF DIVERTOR MATERIAL MODIFICATION ON THE
ACCUMULATION OF FUSION FUEL IN JET FUSION DEVICE

Mihails Halitovs', Gunta I,(izénel, Jari Likonen?, Nicolas Bekris®
"University of Latvia, Institute of Chemical Physics
*VIT Technical Research Centre of Finland
IKarlsruhe Institute of Technology, ITEP-TLK

Due to high tritium permeability and affinity, carbon fibre composites of divertor
materials have been modified to prevent the excess fusion fuel storage in the fusion
devices. Tungsten coating for fusion device divertor tiles is used as material to limit
tritium inventory into the carbon fibre composite materials. The effect of coating
modification is evaluated in the research and results are meant to be used for the
improvement of ITER fusion device divertor tiles.

A comparison of tritium accumulation in various JET fusion device divertor tiles is
made. Certain samples of same positioning in the fusion device were analysed. The
samples of tiles analysed had 20 — 200 pm W coating with Mo interlayer.

As initial uncoated samples show a surface activity of up to 10 Bq-g'1 and a bulk
activity of ~10* Bqg: g’l, tungsten coating modifications decrease the tritium
accumulation both on the surface and in the bulk. The surface activity can be
decreased to 10° Bq g'1 and bulk activity — to 10° Bqg g'l.

The tungsten coating modification efficiency varies depending on the sample
positioning and direct plasma interaction. Though without any doubt the coating
modifications are efficient in reducing the tritium accumulation in divertor material.
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INVERSAIS PEROVSKITA CH3NH;PbI;.,Cl, SAULES ELEMENTS, KAS
IZGATAVOTS AR ZEMO TEMPERATURU TEHNOLOGIJU

Anastasija Ivanoval, Igors Kaulaésl, Gunta §lihtal, Modris Rozez, Janis Grabis3, Laura
Rozenberga-Voska®, Andrejs Tokmakovs *
'Fizikalas Energétikas institiits
’Rigas Tehniska universitdte
’Rigas Tehniskas universitates Neorganiskds kimijas institiits
*Latvijas Universitates Cietvielu fizikas institiits

Tiek prezentéts planarais perovskita CH3;NH3Pbls (Cly (x~0,03) saules elements, kas
iegiits ar divpakapju interdiftizijas metodi [1] un/vai ar korejiesu 2015. gada decembr1
atklato vienpakapes metodi [2], kura vispirms ieglist perovskita sauso pulverveida
masu vairakkartigi skalojot izopropanola un centrifug€jot. Pec ZaveSanas So vielu
skidina DMF, pievienojot 10% HI koncentrétu Skidumu tdent un klaj ar rotacijas
parklasanas metodi. Paraugs tiek veidots uz ITO parklatas stikla virsmas inversa
konfiguracija (p-i-n), kur par caurumu transportieri (p) un elektronu blokatoru
izmantojam PEDOT:PSS vai poliméru poly-TPD. Ka elektronu transportieri (n) un
caurumu blokatoru izmantojam SkistoSo fulleréna atvasinajumu PCBM, kas talak
vakuuma parklats ar 50 nm biezu Cgp kartinu, kurai vakuuma uznests Ag elektrods.
Petitas iegiito Siinu 1ssléguma fotostravas argjas kvantu efektivitates (EQE) spektralas
atkaribas, EQE atkariba no gaismas intensitates 10° fot/cm?s 1idz 10" fot/cm*s
diapazona, ka ari fotostravas voltampgrraksturliknes ~5-107 mbar vakuuma in sifu,
neiznemot paraugu no vakuumkameras péc elektroda uzneSanas.

INVERTED CH3;:NH3PBI; Cl, SOLAR CELL BY LOW TEMPERATURE
TECHNOLOGY

Anastasija Ivanova', Igors Kaulads', Gunta §lihtal, Modris Roze?, Janis Grabis®, Laura
Rozenberga-Voska®, Andrejs Tokmakov*
!Institute of Physical Energetics
’Riga Technical University
3institute of Inorganic Chemistry, Riga Technical University
*Institute of Solid State Physics, University of Latvia

We present planar perovskite CH3;NH;Pbl; Cly (x~0,03) solar cell prepared by two
step interdiffusion method [1] and/or by new one step method [2], where dry powder
of perovskite was obtained by repeated centrifiguration and washing in isopropanol.
After drying this substance is dissolved in DMF with adding 10% HI water solution
and spin coated on substrate. Cell is built using inverted conformation (p-i-n) where
hole transporter (p) and electron blocking layer is PEDOT:PSS or polymer poly-TPD.
For electron transport and hole blocking layer (n) is used soluble fullerene derivative
PCBM covered in vacuum by 60 nm thick Cgy layer. As top electrode thermally
evaporated Ag in vacuum is used.

The main photovoltaic characteristics have been investigated in situ in the same
vacuum camera without breaking the vacuum.

[1] Xiao, Z.; Bi, C.; Shao, Y.; Dong, Q.; Wang, Q.; Yuan, Y.; Wang, C.; Gao, Y.; Huang, J. Energy Environ. Sci.
2014, 7,2619-2623
[2] Heo, J.H.; Im, S.H. doi: 10.1039/C5NR08458]

The financial support of IMIS? project is greatly acknowledged.
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BENZOLA UN TOLUOLA DAUDZUMA IETEKME UZ POLIMERA-
NANOSTRUKTURETA OGLEKLA KOMPOZITA SENSOREFEKTU
BENZINA TVAIKOS

Santa Stepina, Gita gakale, Maris Knite
Rigas Tehniskas universitates Materialzinatnes un Lietiskas Kimijas fakultates Tehniskas
Fizikas institiits

Iepriek$gjos eksperimentos tika parbaudits poliméra-nanostrukturéta oglekla
kompozita (PNOK) sensorefekts dazados benzina tvaikos. Rezultatos tika apkpota
informacija ar1 par benzina procentualo sastavu, no kuras izrietgja, ka vairak ka 10%
no benzina sastada toluols. Benzina sastavam ir notiekti ierobezojumi un normas, ka
pieméram Latvija noteikts, ka benzola saturs benzina nedrikst parsniegt 1%. Tapec
nepiecieSami padzilinati petfjumi par to ka $is atseviskas sastavdalas ietekmé PNOK
sensorefektu benzina tvaikos un vai ir iesp&jams ar So eksperimentu novertét aptuveno
toluola vai benzola daudzumu benzina.

Ka PNOK matricas materials tika izmantots etiléna-vinilacetata kopolimérs (EVA;
sigma Aldrich), kura polara/nepolara daba dod iesp€ju detektet gan polarus, gan
nepolarus organiskos Skidinatajus. Ka elektrovadosa pildviela tika izmantotas oglekla
nanodalinas (CB; PRINTEX-XE).

Apkopojot rezultatus, tika izdariti secindjumi par benzola un toluola daudzuma
ietekmi uz PNOK sensorefektu benzina tvaikos.

BENZENE AND TOLUENE CONTENT INFLUENCE ON POLYMER-
NANOSTRUCTURED CARBON COMPOSITE SENSOREFFECT IN
GASOLINE VAPOURS

Santa Stepina, Gita Sakale, Maris Knite
Institute of Technical Physics, Faculty of Material Science and Applied Chemistry, Riga
Technical University

Polymer-nanostructured carbon composite (PNCC) sensoreffect in gasoline vapours
has been researched in previous works. Results showed information about gasoline
content, in which more than 10% of gasoline content is toluene. In Latvia and other
countries there are allowed norms of content in gasoline. For benzene it is below 1%.
That is why there is need for more detailed research in this area to determine how
benzene and toluene content influence PNCC sensoreffect on gasoline vapors.

As matrix material for PNCC was used ethylene vinyl acetate copolymer (EVA;
Sigma Aldrich) which polar/non-polar nature allow to detect polar as well as non-
polar organic solvent vapour. As electroconductive nanoparticle was used carbon
nanoparticles (CB; PRINTEX-XE).

Based on the experimental results the benzene and toluene content influence on
PNCC sensoreffect in gasoline vapours is discussed.
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ELEKTROFORETISKA NOGULSNESANA IEGUTU TITANA DIOKSIDA-
VOLFRAMA TRIOKSIDA PUSVADITAJU STRUKTURA, ABSORBCIJAS
UN FOTOSTRAVAS MERIJUMI

Marcis Rublans®, Gunars Bajﬁrsl, Andrejs Lasis', Evalds Pentjuésl,
Janis Balodis', Jevgénijs Gabrusenoks'
'Latvijas Universitates Cietvielu fizikas institiits
’Latvijas Universitates Fizikas un Matematikas fakultate

TiO,-WO; parklajumi tika iegiiti ar elektroforétiskas nogulsnésanas metodi 5 1idz 20
miniites uz 3x3 cm te€rauda pamatnes, izmantojot elektriska lauka intensitati no 50 Iidz
100 V/cm. Dispersijas vide tika sagatavota no HCI vai no benzoskabes Skiduma
izopropanola, kur tika pievienoti metala oksidi. Izgulsnétas kartinas tika kars€tas
60 °C temperatiira 2 stundas un péc tam riiditas pie 500 °C ari 2 stundas.

Izmantojot rentgenstaru difrakciju, tika iegiita fazes strukttira un kristalu izmeri TiO;
planajas kartinas. Rentgenstaru fluorescence tika izmantota, lai noteiktu WOs3
daudzumu planajas kartinas. Virsmas morfologija tika analizéta ar sken&joSo
elektronu mikroskopu.

Optiskas 1pasibas (absorbcijas koeficients, aizliegtas zonas platumi) dazada biezuma
Ti0,-WO; paraugiem tika iegiiti UV-redzamas gaismas diapazona.

Fotostravas merijjumi iegiitajiem parklajumiem tika noverteti atkariba no TiOy/WOs3
daudzuma attiecibas.

STRUCTURE, OPTICAL AND PHOTOCURRENT MEASUREMENTS OF
TIO,-WO3; COMPOSITES PREPARED BY ELECTROPHORETIC
DEPOSITION

Marcis Rublansz, Gunars Bajarsl, Andrejs Lusisl, Evalds Pentjussl,
Janis Balodis', Jevgenijs Gabrusenoks'
!Institute of Solid State Physics, University of Latvia
?Faculty of Physics and Mathematics, University of Latvia

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

The phases and crystalline sizes of obtained TiO, thin films were determined by X-
ray diffraction. X-ray fluorescence was used to establish WO; content in thin films.
Surface morphologies were analysed by scanning electron microscopy.

Optical properties (absorption coefficient, bandgap) for different thickness TiO,-WO3
thin films was determined in UV-visible light range.

Photocurrent properties of obtained coatings were assessed in dependence on
TiO,/WOs3 content ratio.

Authors acknowledge the Latvian National Research Program IMIS? for financial
support.
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DIVU SAVSTARPEJI NESKISTOSU SKIDRUMU TERMOKIMISKA
BATERIJA LIEKA SILTUMA ENERGIJAS SAVAKSANALI

Janis Kleperisl, Janis Bérzir)éz, Péteris Lesni¢enoks'
! Latvijas Universitdtes Cietvielu fizikas institiits;
? SIA “SPEED”

Termoelektriba ir sen zinama un V&l joprojam Joti aktiva p&tniecibas joma, kas aptver
dazadas zinatnpu jomas: fiziku, fizikalo kimiju, elektrokimiju, inZenierzinatnes. Viens
no popularakiem termoelektribas potencialiem pielietojumiem ir siltuma parpalikumu
savakSana razoSana un ar1 sadzivé, un aptver jaudas no daZiem mikrovatiem lidz
kilovatiem. Termoelektribu iegtist dazadas sistémas, galvenokart kontakt€jot diviem
dazadiem metaliem, pusvaditajiem, pat Skidrumiem. Klasiskais Z&beka efekts, kas
izpauZas, kontaktgjot diviem materialiem ar atSkirigiem kTmiskajiem potencialiem,
tiek paplaSinats uz sisttmam, kur kontakte materiali ar atSkirigiem elektroktmiskajiem
poetncialiem.

Miusu darba pétita divu savstarpgji neskistoSu Skidrumu sist€ma, kas aprakstita
Latvijas patenta LV12930 (B) - J.Bérzins, U.Silin§ (2003) Termoelektiskais
parveidotajs. Sprauga starp diviem elektrodiem atrodas divi savstarpgji neSkistosi
Skidrumi, un vienu no elektrodiem dzesgjot, bet otru sildot, tiek novérota
kontaktpotencialu starpiba. Ta ir atkariga no sistémas geometriskas orientacijas,
temperatiiru starpibas, bet Tssléguma stravu nosaka Skidrumu jonu vaditspgjas. Tiek
mekl&tas iesp€jas optimizét termoelektrisko parveidotdju pielietojumiem siltuma
savaksanai no lielam virsmam (siltuma centrales, saules kolektori uc).

THERMO-CHEMICAL BATTERY FROM INSOLUBLE LIQUIDS FOR
COLLECTION OF WASTE HEAT

Janis Kleperisl, Janis Berzins®, Peteris Lesnicenoks'
!Institute of Solid State Physics, University of Latvia;
? Ltd SPEED

Thermoelectricity has long been known and is still be active research area, covering
various science branches: physics, physical chemistry, electrochemistry, and
engineering. One of the most popular potential application field of thermoelectricity is
the collection of waste heat from different industrial and household processes, and
covers power region from a few kilowatts to microwatts. Thermoelectricity is
obtained from various systems, mostly when two different metals, semiconductors,
even liquids are in contact. Classical Seebeck effect manifested when two materials
with different chemical potentials are contacting, and now is being expanded to mixed
systems where materials with different chemical and electrochemical potentials are
presented.

In our research the system consisting from two mutually insoluble liquids described in
the Latvian patent LV12930 (B) (J.Bérzins, U.Silins (2003) Thermoelectric converter)
is investigated. The two insoluble liquids are placed in the gap between two electrodes,
one is heated, and other — cooled; potential difference between electrodes are
registered with data logger and PC. It is found that value of potential difference
depends not only from electrode materials, but also from the geometric orientation of
system, and obviously the temperature differences; the short-circuit current is
determined by ionic conductivity of liquids. An aim of research is optimization of the
thermoelectric converter for applications to collect low temperature gradient waste
heat from large surfaces (district heating, solar collectors, etc.).
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NANOSTRUKTURETA TiO, IZMANVTO§ANA OGLEKI.A DIOKSIDA
REDUCESANAI

Ieva Graudumal, Ainars Knoksz, Janis Kleperis2
"Latvijas Universitates fizikas un matematiskas fakultdte
’Latvijas Universitates Cietvielu fizikas institiits

Globala sasilSana ir viena no galvenajam vides problemam, ar ko cilvéce misdienas
saskaras. Oglskaba gaze (CO,) ir biitisks klimata parmainu iemesls, jo ta sastada lielu
daJu no siltumnicas efekta gazem, kas uzkrajas atmosféra. Ped€jos gados tiek
pievérsta Ipasa uzmaniba cilvéces radita CO, piesarpojuma ierobeZoSanai un
atjaunojamu energijas ieguves veidu meklgumiem. Liels potencials ir CO,
fotokatalitiskai reducéSanai un parveidoSanai par degvielu, izmantojot saules gaismu.
Ta ir sarezgita reakcija, kur vajadzigi optimali apstakli, materiali un to struktiras.
Viena no daudzsoloSam opcijam ir titana dioksida nanocaurulites. Lidz ar
nanotehnologiju attistibu p&dgjas desmitgadés ir veikti daudz pétjjumu par $Tm
struktiram un to pielietojumu fotokatalizei.

Darba tiek audzg&tas titana dioksida nanocaurulites ar anodéSanas metodi, planots
apskatit ar1 tadas parklajuma ieguves iesp&jas ka elektroforériska uzklasana no TiO,
nanodalinu pulvera un magnetrona plazmas izputinaSana. Parklajumiem tiek meériti
dazadi fizikalie parametri — struktiira (XRD), morfologija (SEM), foto-eds, Tssléguma
fotostrava, u.c. Tiek veidots arT reaktors, lai parbauditu ieglito materialu
fotokatalitiskas spejas UV gaismas un Udens tvaiku klatbiitng reformét CO, par
metanu un/vai citiem ogltidenraziem.

NANOSTRUCTURED TITANIA FOR REDUCTION OF CARBON DIOXIDE

Ieva Grauduma', Ainars Knoks?, Janis Kleperis2
"University of Latvia faculty of physics and mathematics
? Institute of Solid State Physics, University of Latvia

Global warming is one of the main environmental problems mankind is facing
nowadays. Greenhouse gases mostly consists of Carbon dioxide (CO;) which
therefore is responsible for climate change. Because of the climate change focused
attention on reducing of CO, pollution produced by mankind created industry and
search for renewable energy sources have grown. Big potential is found in CO,
photocatalytic reduction and turning into fuel, using sunlight. It is complicated
reaction which needs optimal environment, materials and their structures. One of the
best options is TiO, nanotubes. With development of nanotechnologies in the past
decades there is made lots of research about those structures and their use in
photocatalysis.

In this work TiO, nanotubes are made by anodization method, it’s also planned to try
electrophoretic deposition of TiO, powder and magnetron plasma sputtering method.
Different parameters of obtained coatings are measured: structure (XRD),
morphology (SEM), open circuit photovoltage and photocurrent, etc. The reactor is
built to check photocatalytic ability of the materials to convert CO, into methane in
the presence of UV light and water vapor.

Acknowledgements. Authors acknowledge National Research Program IMIS? and
Project No 666 from Latvian Council of Science.
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FIZIKALO UN FOTOELEKTVROKTMISKO IPASIBU PETIJUMI AR
MAGNETRONA IZPUTINASANAS METODI IEGUTAM TITANA
DIOKSIDAM

Elizabete Laivinal, Klaudija Gauial, Janis Kleperis 2, Martins Zubkinsz, Ainars Knoks>
'Rigas Francu licejs
? Latvijas Universitates Cietvielu fizikas institiits

Nemot véra augos$o globalas sasilSanas ietekmi un energijas atkaribu no fosilajiem
avotiem, zinatnieki visa pasaulé meklg alternativus energijas resursus, lai samazinatu
fosilo kurinamo patérinu, tatad samazinatu oglekla p&du. Viens no potencialajiem
risindjumiem esosa CO, piesarnpojuma samazinaSanai ir foto-aktivu materialu
izmantoSana, kuri gaisu un udeni attiritu Saules gaismas ietekm&. Par perspektivu
materialu §T uzdevuma veikSanai zinatnieku vida tiek uzskatiti plani titana dioksida
(TiO,) parklajumi.

Viens no efektivakajiem planslana parklajumu iegiSanas veidiem ir magnetrona
uzputinasana, kura var iegiit precizi regulétu parklajuma biezumu, sastavu,
caurspidibu, vaditsp&ju. Saja darba ar magnetronas uzputina$anas metodi tika iegiits
TiO, parklajums uz ITO pamatnes. leglito paraugu fizikalas 1paSibas tiek noteiktas
pétot morfologiju ar skengjoSo elektronu mikroskopu un profilometru, savukart
fotofizikalas Tpasibas - nosakot optisko aizliegto zonu un Tssléguma stravu.

PHYSICAL AND PHOTOELECTRIC PROPERTIES OF MAGNETRON
SPUTTERED TITANIUM DIOXIDE

Elizabete Laivina', Klaudija Gauja', Janis Kleperis 2 Martins Zubkins?, Ainars Knoks>
" Riga French Lyceum
? Institute of Solid State Physics, University of Latvia

Growing threat of global warming and high energy dependency on fossil fuels,
scientists all around the world have been searching for alternative energy sources to
reduce the use of fossil fuels in order to reduce carbon imprint. To achieve higher
results in water and air purification, materials with high photocatalytic activity are
necessary.

One of effective ways of producing thin films is magnetron sputtering, which allows
production of films with regulated thickness and composition. In this work titanium
dioxide (TiO;) on ITO was synthesized using magnetron sputtering method. The
physical properties of obtained samples were determined. Morphology with scanning
electron microscope and profilometer, while the photo-physical properties were
studied determining optical absorption spectrum and photoelectric properties in the
three electrode cell measurements of photo-potential, short-circuit, and photo-current.

Acknowledgements. Authors acknowledge National Research Program IMIS® and
Project No 666 from Latvian Council of Science.
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REAKTORS UN METODIKA GAZU SORBCIJAS/DESORBCIJAS
PETIJUMIEM DAZADIEM MATERIALIEM AR PVT (SIEVERTA) METODI
TEMPERATURU INTERVALA +/-200 °C

Péteris Lesnienoks'?, Liga Grinberga', Janis Strauméns', Janis Kleperis'
! Cietvielu Fizikas Institits;
? Rigas Tehniskas Universitates Materidlzinatnes un Lietiskas Kimijas Fakultate

Izstradata metodika petijjumiem gazu desorbcijai un adsorbcijai/absorbcijai dazados
pulverveida materidlos, izmantojot originalu kameru, kurd iesp&ams nodroSinat
paraugu mérjjumus temperatiru intervala +/-200 °C. Reaktors konstruéts un
izgatavots LU CFI, lai veiktu p&tijumus paraugiem tilpumu intervala 35 lidz 80 mm’
pec Sieverta metodes principa, izmantojot nemainiga tilpuma kameras spiedienu
salidzinasanai. Lielaku tilpumu pulverveida paraugu merjjumi lauj samazinat
spiediena izmainu noteikSanas kliidas, kas raksturigas, darbojoties ar maziem paraugu
daudzumiem. Arl iesp€ja izvéleties vienadus tilpumus pulverveida paraugiem un
materiala parsveérSana pirms un p&c mérjjumiem lauj paaugstinat mérijjumu precizitati.
Meriekartu veido reaktors, ta temperattiras kontroles sistéma (SIA “KeramServiss”),
membranas un turbomolekularais stikni, masspektrometrs, 500 ml gazes balons, divi
spiediena sensori (pie reaktora un pie rezerves gazes balona), datu logeris spiediena
un temperatiiras registréSanai un divi datori. SildiSanas procesu iesp&jams veikt
lineara rezima, ko Sobrid nevar teikt par dzes€Sanas procesu, tadel uzrakstits arl
algoritms spiediena un temperatiiras laika grafiku linearizacijai spiediena-
temperattras Ikng€. Iesp&jams novertét dazadu pulverveida paraugu raksturigas gazu
sorbcijas/desorbcijas temperatiiras, kin€tiku un sorb&to/desorbeto gazes apjomu pec
spiediena izmainam.

REACTOR AND METODICS FOR GAS SORPTION/DESORPTION
RESEARCH IN VARIOUS MATERIALS WITH PVT (SIEVERT’S) METHOD
IN TEMPERATURE INTERVAL +/-200 °C

Peteris Lesnicenoks'?, Liga Grinberga', Janis Straumens', Janis Kleperis'
! Institute of Solid State Physics, University of Latvia;
? Faculty of Materials Science and Applied Chemistry, Riga technical University

We have developed methodics for gas sorption measurements at temepratures +/-200
°C in powder type samples with volume 35 — 80 mm’. This can be done using
Sievert’s method — constant volume canister to compare pressures. Large volume
powder samples alow to limit pressure difference measurement errors, which can be
present using small samples. Also the option to use similar volumes and reweighing
of samples alow to limit measurement errors. Measurement device consists of reactor
chamber itself, temperature control system (Keramserviss LTD), membrane and
turbomolecular pumps, masspectrometer, S00ml reserve gas cylinder, two pressure
sensors (at the rector chaber and at the reserve 500ml gaschamber), data loger for
pressure and temperature registration and two computers. Heating process can be
done linearly.

Acknowledgement: Authors acknowledge financial support from National Research
Program IMIS?.
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OGLES NANOSTRUKTURU ELEKTRODU UN MEMBRANAS
MATERIALA PETIJUMI PIELIETOJUMAM SUPERKONDENSATOROS

Madara Zvine', Anna Januskevica', Péteris Lesniéenoks2’3, Gatis Taurin§4, Janis Kleperis2
! Rigas Francu Licejs
? Rigas Tehniskas Universitates Materialzindtnes un lietiskas kimijas fakultdte;
? Latvijas Universitates Cietvielu fizikas institiits;
* SIA “KeramServiss”

Lidz ar 2-dimensionala oglekla alotropiskas modifikacijas - graféna - atklaSanu
2004.gada, tika aizsakti ar1 dazadi ta pielietojumu pétijjumi elektronika. Vienslana
graféns ir dargs, un pielietojumos elektrodiem uzrada mazu tilpuma energgtisko
ietilpibu.

Petljuma merkis ir ieghit vairakslanu grafénu un parbaudit ta pielietojamibu
superkondensatora. Darba gaita tika pétiti elektrokimiskas eksfoliacijas procesa iegtita
graféna pulvera (tira un ar Na", Mg2+ un Li* piemaistjumiem) elektrodu darbibu
superkondensatoros. Petiti vispiem@rotakie elektroliti (NaCl, LiPFs, KOH, Na,;SOy,
NH4CI ar koncentraciju 1M). Ar Ramana spektroskopiju, AFM un SEM metodém tika
pétita  iegito graféna dalinu struktira un morfologija. Izveidotajiem
superkondensatoriem veikta to parametru - impedances, potencialu starpibas, uzlades
un izlades Iiknu un kapacitates merijumi.

RESEARCH OF CARBON NANOSTRUCTURE ELECTRODES AND
MEMBRANE MATERIALS APPLICATION FOR SUPER CAPACITORS

Madara Zvine', Anna Januskevi&a', Péteris Lesniéenoks2’3, Gatis TauriI,1§4, Janis Kleperis2
! Riga French Lycée;
? Materialscience and Applied Chemistry Faculty, Riga Technical University;
7 Institute of Solid State Physics, University of Latvia;
* Ltd “KeramServiss”

In the year of 2004, after Prof Andre Geim’s and Prof Konstantin Novoselov’s
discovery of 2-dimensional carbon allotropic modification — graphene, multiple
researches concerning the possible use of this material in the field of electronics were
begun. The goal of this research is to obtain multiple layer graphene and test its
utilization in a super capacitor. Electrochemically exfoliated graphene powder’s
electrodes (clean and also with Na®, Mg2+ and Li" impurities) work in super capacitors
and the most appropriate electrolytes were searched (NaCl, LiPFs, KOH, Na,;SOy,
NH4CI with the concentration of 1M). With Raman spectroscopy, AFM and SEM
methods, graphene particles’ structure and morphology were investigated. For the
created super capacitors there were several measurements made such as impedance,
potential difference, the charge and discharge curves and capacitance measurements.

Acknowledgement: Authors acknowledge financial support from Project No666 of
Latvian Science Council.
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DAZADAS FORMAS OGLES NANOMATERIALU PETIJUMI ANODAM UN
KATODAM LITIJA JONU BATERIJA

Valters Liberts Muzikants', Gints Ku&inskis?, Miks Krisjanis Jurjans', Gunars Baj ars’
! Rigas Francu Licejs;
? Latvijas Universitates Cietvielu fizikas institiits

Litija jonu baterijas jau plaSi tiek lietotas gan elektrotransporta, gan portativos
mobilos pielietojumos. Tacu Sobrid tirgl esos$a, vairakkartigi uzladéjama litija jonu
baterija ir ar biitiskiem trikumiem — tai ir neliels izlades-uzlades ciklu skaits (tikai
vairaki simti), strauja ladinietilpibas zuSana pazeminatas temperatiiras. Tadgl
zinatnieku laboratorijas visa pasaulé tiek mekl€ti risinajumi katoda un anoda
materialiem, ka arT separatoram un elektrolitam, lai noverstu augstak mingtos
trikumus. Ogles nanomaterialu piedevas katodam litija jonu baterija palielina
elektrovaditsp&ju, savukart anodam dazadu veidu ogles var tikt veiksmigi izmantotas
ka pamatviela. Darba izveidoti tris dazadu veidu baterijas modeli, mainot katoda
elektrovadosas ogles piedevu (acetiléna kvépi “Carbon Black” (CB) un divi dazadi no
Latvijas koksnes (alk$na) KKI sintez&ti paraugi ar atSkirigiem poru izmeriem).
Izveidoti divu dazadu veidu baterijas modeli ar diviem dazadiem anodmaterialiem
(darba gaita sintez€ts daudzslanu graféns (FLG), un komercialas grafita parslas).
Baterijam tika izmeritas uzlades un izlades liknes un voltamperliknes. No Siem
mérjjumiem tika aprékinata ladipietilpiba, noteiktas baterijas uzlades-izlades Tpatnibas
un secinats, ka katods ar CB elektrovadoSo piedevu un FLG anods ir ar augstako
ladinietilpibu no pétitajiem paraugiem.

CARBON NANOMATERIAL USE IN LITHIUM ION BATTERIES FOR
CATHODE AND ANODE CREATION

Valters Liberts Muzikants', Gints Kucinskis’, Miks Krisjanis Jurjans', Gunars Baj ars’
" Riga French Lyceum;
? Institute of Solid State Physics, University of Latvia

Lithium ion batteries are already widely used for both electric transport and portable
applications. However, rechargeable lithium-ion batteries currently existing in the
market, are with deficiencies - small number of full discharge-charge cycles (only
several hundred), rapid decrease of charge capacity at low temperatures (in winter
time). Therefore, scientists around the world are doing researches how to improve the
cathode and anode materials in order to prevent the above-mentioned disadvantages.
Carbon nanomaterial additives in the cathode increase electro-conductivity, but in an
anode ent kinds of carbon materials can be successfully used as the active material in
anode. In this work three different model batteries were created, utilizing various
carbon additives (Carbon Black (CB) and two different samples from Latvian State
Institute of Wood Chemistry (synthesized from alder wood pellets) with high pore
volumes. Two different model batteries were created with distinctive anode materials
( multilayer graphene (FLG) synthesized during this work and commercially available
graphite flakes (GF)). Volt-ampere and charge-discharge curves were measured and
the specific energy capacity of each sample was calculated and the behavior of
charging-discharging cycles explained. It was concluded that the cathode with CB as
an additive and the anode from FLG are with the highest energy density of all samples
studied.

Acknowledgement: Authors acknowledge financial support from Project No666 of
Latvian Council of Science.
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PORAINU PARKLAJUMU UZNESANA PAAUGSTINATA DARBA
SPIEDIENA

Virginija Liepina, Matiss Misels-PieSins
Sidrabe

Darba tiek apskatita parklajumu uzneSana paaugstinata darba spiediena un $ada veida
uznestu kartinu izmantoSanas iesp€jas un fizikalas Tpasibas. Literatiiras avotos
atrodama informacija liecina par to, ka, izmantojot paaugstinatu darba spiedienu,
iespgjams ieglt parklajumu ar lielaku porainibu, ka arT mainas materiala fazu
sadaltjums, kas, atSkirigu fizikalo 1pasibu dél, ka piemeram, optiska caurlaidiba,
aizliegtas zonas platums, elektrovadamiba, hidrofilitate un citas, paver dazadas to
pielietojumu iesp&jas. Petijumi ir balstiti uz magnetronu izsmidzinaSanas metodes
1pasibu izpéti nereaktiviem un reaktiviem izsmidzinaSanas procesiem. Darba apskatits
tehniskais risindjums paaugstinata darba spiediena iegiiSanai, t.i. tads magnetronu
izsmidzinasanas darba spiediens kas ir lielaks par 10 mTorr, kas netiek tipiski
izmantots nedz pétnieciskos, nedz ripnieciskos pielietojumos, ka ari uz organiskam
pamatném paaugstinata darba spiediena uznestas titana oksida kartinas un apskatita to
struktra.

THE DEPOSITION OF POROUS THIN FILMS IN INCREASED WORKING
PRESSURE

Virginija Liepina, Matiss Misels-Piesins
Sidrabe

This work examines reactive magnetron sputtering of thin films in increased working
pressure and the applications and physical properties of the obtained films. It is
known that increased working pressure results in thin films with higher porosity, as
well as changing the material phase distribution and physical properties, such as
optical transmission, restricted zone width, electric conductivity, wettability and
others, thus expanding the application options. The research is based on magnetron
sputtering methods and examining the characteristics of reactive and nonreactive
sputter processes. Technical solution to obtain a high operating pressure - a
magnetron sputter working pressure greater than 10 mTorr, which is not typically
used for research or industrial applications — is offered. Titanium oxide thin films
have been sputtered in increased working pressure on organic substrate and the
structure of the obtained films has been examined.
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PIEKLUVES KONTROLE AR IS ATSLEGAM

Irina Gvardina, Alberts Kristins, Janis Melderis
Latvijas Universitates Cietvielu fizikas institiits

Piekluves kontrole ar IS atslegdm pamatd paredzeta vartu un barjeru vadibai
autotransporta iebraukSanas vietas. Kompakts vadibas breloks infrasarkanaja (IS)
diapazona izstaro kod€tu signalu pliismu, kuru uztver IS signalu nolasitajs.

Breloka var tikt ieprogramméts kods, 11dzigs EmMarin 125 kHz Proxy kartém vai arl
kads cits. Uztvergjs sanemto IS kodu parveido elektriskajos signalos un, izmantojot
Wiegand 26 protokolu, nodod informaciju talak jebkuram atbilstoSa veida piekluves
sisteémas kontrolierim.

Breloka signalus var noraidit caur automasSinas stiklu, tad€jadi neprasot loga atveérSanu.
IS signalu nolasitdjam paredzEta iesp€ja pieslégt ar1 parastos Proxy karSu lasitajus,
tada veida nodrosinot piekluves iesp&jas gan ar breloku, gan ar Proxy kartém.

ACCESS CONTROL WITH IR KEYS

Irina Gvardina, Alberts Kristins, Janis Melderis
Institute of Solid State Physics, University of Latvia

Access control with IR keys is designed for automatic gate and barriers control of
parking management systems. Compact key fob emits a coded signal flow of infrared
(IR) range, which is detected by IR signal receiver.

Key fob can be programmed with a code, similar with EmMarin 125 kHz Proxy card
or with someone else. Receiver converts the received IR code in electrical signals and
by application of the Wiegand 26 protocol forward the information to the access
system controller of every suitable type.

The key fobs signals can be transmitted through a car window without window
opening. IR signal reader provides the possibility to connect also the normal Proxy
card readers, thus ensuring access by both key fobs and the Proxy cards.
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EIROPAS ITER ZIROTRQNA PROJEKTESANAS UN KONSTRUESANAS
PASREIZEJAIS STAVOKLIS

Olgerts Dumbrajs
Latvijas Universitates Cietvielu fizikas institits

ITERa elektronu ciklotronu karséSanas un stravas dziSanas iekarta sastdv no 24
Zirotroniem. Eiropa piegadas 6 Zirotronus, Indija 2, Japana 8, Krievijas federacija 8.
Zirotronu frekvence ir 170 GHz, impulsa garums lidz pat 3600 sekundém. Kopgja
mikrovilgu jauda, kas tiks injicéta plazma, biis lielaka par 20 megavatiem. F4E
programma virzas uz priekSu sekmigi. Eiropas Zirotronu projekt€Sana novertéta
atzinigi. FEiropas Zirotronu konsorcijs, kura sastdva ieiet vairakas Eiropas
kodolplazmas sintézes laboratorijas (KIT — Vacija, CRPP - Sveicg, HELLAS —
Griekija, CNR - Italija, USTUTT- Vacija, CFI - Latvija), un Francijas kompanija
Thales Electron Devices, konstrué un parbauda 1su impulsu Zirotronu. Pagajusa gada
rudeni tika pabeigts ar1 garu impulsu (ilgdk par daZzadm miniitem) Zirotrona
ripnieciskais prototips. Aprili sapulcg, kura piedalfjas visas darba iesaistitas
organizacijas un ITERa parstavji, tika atziméts, ka visi darbi noris loti sekmigi, un ka
uzbiivétais Zzirotrons generé augstas kvalitates mikrovilnus, kuru jauda parsniedz 1
megavatu. Galiga Zirotrona tehniskas konstrukcijas validacija paredzeta $a gada
pirmaja puse.

PRESENT STATUS OF DESIGN, DEVELOPMENT AND VALIDATION OF
THE EUROPEAN GYROTRON FOR ITER

Olgerts Dumbrajs
Institute of Solid State Physics, University of Latvia

The Electron Cyclotron Heating and Current Drive system developed for ITER is
made of 24 Gyrotrons. Europe is responsible for delivering 6 gyrotrons, India 2
gyrotrons, Japan 8 gyrotrons, and The Russian Federation 8 gyrotrons. Gyrotrons will
be operating at 170 GHz, with pulse lengths up to 3600 s and injecting more than 20
MW of microwave power into the plasma. FAE’s work on the gyrotron is progressing
well and the EU design of the gyrotron has been pre-validated. In collaboration with
the European Gyrotron Consortium (which consists of several European Fusion
Laboratories, namely KIT - Germany, CRPP - Switzerland, HELLAS - Greece, CNR
- Italy, and USTUTT- Germany, and ISSP - Latvia as third parties) and Thales
Electron Devices, a French company, fabrication and testing is being done on short-
pulse gyrotrons. In parallel, a long pulse Continuous-Wave industrial prototype,
which will produce a radiofrequency wave of longer duration of several minutes, has
been delivered during last autumn. The meeting was held in April and attended by
representatives from F4E, EGYC, TED and ITER IO. The results which were
presented during the meeting have been highly encouraging — all activities are
considered to be fully successful and the short-pulse gyrotron is producing an
exceptionally good output beam of more than 1 MW. The second milestone, which is
the full validation of the gyrotron technical design, is expected during the first half of
2016.

The financial support from FAE/GRT/553 and LU ISSP EGYC D 21346 grants is
greatly acknowledged.
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18Re KODOLA IEROSINATO LIMENU STRUKTURAS PETIJUMI

Tamara Krastal, Janis Bérzir)él, Lubova Simonoval, Michael J entschelz, Waldemar Urban®
'Latvijas Universitates Cietvielu fizikas institiits
*Institute Laue-Langevin
j'Facull‘y of Physics, University of Warsaw

Darbs prezenté nepara-nepara kodola '*°Re (Z=75, N=111) ierosinito limenu
struktiiras pétijumu rezultatus. "*’Re(ng,y)'*°Re reakciju pavadosie y-spektri tika
izmériti ar augstas izSkirSanas kristaldifrakcijas spektrometru GAMSS (ILL) energijas
intervala no 100 keV 1idz 2 MeV. legiito pirmas, otras un tre$as atstaroSanas kartas
spektru analize lava noteikt energijas un intensitates vairak neka 500 y-linijam, kas
pieder '%Re. Iegitie dati lava verific€t un papildinat ieprieks zinamo [1] '%Re kodola
[imenu shému. Tapat tika nemti véra ar1 (p,d) reakcijas merjjumu rezultati [2]. '%Re
kodola Itmenu struktiira tika interpretéta aksiali-simetriska divu kvazidalinu plus
rotatora modela ietvaros izmantojot protona orbitas 5/2[402], 9/2[514] un neitrona
orbitas 1/2[510], 3/2[512], 7/2[503], 9/2[505], 11/2[615]. '®Re kodola limenu
struktiira ir salidzinata ar kaiminu nepara-nepara kodola 188Re [3] Iimenu struktiiru.

STRUCTURE OF THE '®*Re NUCLEAR LEVELS

Tamara Krasta', Janis Bérzir)él, Lubova Simonova', Michael Jentschel®, Waldemar Urban®
!Institute of Solid State Physics, University of Latvia
*Institute Laue-Langevin
sFaculty of Physics, University of Warsaw

Results of the doubly-odd 186Re nucleus (Z=75, N=111) excited level structure studies
are presented. The y-spectra following the 185Re(nth,y)lgﬁRe reaction have been
measured with the high-resolution crystal-diffraction spectrometer GAMSS5 of ILL in
the energy range from 100 keV to 2 MeV. Evaluation of spectra in the first, second,
and third reflection orders allowed to determine energies and intensities of more than
500 y-lines assigned to '%Re. Obtained results made it possible to verify and to extend
the earlier known level scheme of '®Re [1]. The results of (p,d) reaction
measurements [2] also have been taken into account. Structure of the 180Re levels has
been interpreted in terms of proton orbits 5/2[402], 9/2[514], and neutron orbits
1/2[510], 3/2[512], 7/2[503], 9/2[505], 11/2[615] using the results of theoretical
calculations in the frameworks of axially-symmetric two-quasiparticle plus rotor
model. The structure of '°Re levels is compared with that of the neighbouring
doubly-odd nucleus 188Re [3].

[1] C.M. Baglin, NDS 99, 1 (2003)

[2] C.Wheldon et al., J.Phys.G 36, 095192 (2009)
[3] J.Bérzins et al., Nucl.Phys. A 947,76 (2016)
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SALASPILS KODOLREAKTORA DARBIBAS IETEKMES UZ APKARTEJO
VIDI NOVERTEJUMS

Daina Riekstina'?, Janis Bérzinél, Tamara Krastal, Janis Rudzitisz, Oksana Skrypnik®
! yp
"Latvijas Universitates Cietvielu fizikas institiits
’Latvijas Universitates Kimiskds fizikas institiits

Darba, izmantojot gamma spektrometrijas un $kidras scintilacijas skaitiSanas metodi,
mériti maksligo radionuklidu Cs-137 aktivitates koncentraciju Itmeni augsnes
virskarta un tritija gruntsiidenos, ka arT kop€ja beta aktivitate lietus un notekiidenos
Salaspils kodolreaktora (SKR) teritorija un ta tuvakaja apkartneé. Monitorings tika
veikts kop§ 1990.gada. IpaSa uzmaniba ir pievérsta radionuklidu koncentraciju
mérfjumiem 2014.gada decembrT notikusas radioaktivo idenu nopliides laika, avarijas
situacijas likvidacijas laika, ka arT stavokla novertéSanai péc incidenta.

legttie rezultati lauj spriest par maksligo radionuklidu koncentracijas dinamiku
augsnés un gruntsiidenos atseviskos gados saistiba ar konkréto vietu. PEtijumi parada,
ka Cs-137 koncentracijas augsn€s SKR teritorija neparsniedz augSnu globala
piesarnojuma limeni ar Cs-137 Latvija, bet tritija koncentracijas arpus SKR teritorijas
neparsniedz dzeramajam tdenim pielaujamo limeni. IIglaiciga monitoringa rezultati
lauj secinat, ka SKR darbibas laika apkart€ja vide nonakuSajiem maksligajiem
radionuklidiem bijusi nieciga ietekme uz SKR apkart§jo vidi un tie praktiski nav
izmainijusi radioaktiva fona Itmeni.

ASSESSMENT OF THE SALASPILS NUCLEAR REACTOR
ENVIRONMENTAL IMPACT

Daina Riekstina'?, Janis Berzins', Tamara Krasta', Janis Rudzitis*, Oksana Skrypnik2
'Institute of Solid State Physics University of Latvia
? Institute of Chemical Physics University of Latvia

This work presents results of the long-term environment radioactivity monitoring in
the vicinity of the decommissioned Salaspils Nuclear Reactor (SNR). Data include
Cs-137 contamination levels of soils, H-3 concentration in ground waters, as well as
gross beta activity of sewage and rainwater drainage of SNR. The monitoring has
been carried out since 1990. Especial attention is given to the radioactive pollution of
water due to leakage from the special wastewater basin detected in December of 2014.
The obtained results present dynamics of artificial radionuclide concentration in soils
and ground waters in the vicinity of SNR related with the years and location. The Cs-
137 concentration in the soils of SNR territory does not exceed the global Cs-137
fallout level in the rest of Latvia, and the tritium concentration outside SKR does not
exceed the level allowed for drinking water. The results of the long-term monitoring
show that the amount of radionuclides produced by SNR has little impact on the total
radionuclide content in the Latvian environment.
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CELMETALU PIEMAISIJUMU IETEKME UZ MODIFICETO LITIJA
ORTOSILIKATA MINILODISU RADIOLIZI

Artirs Zarinél, Gunta I,(ize'mel, Arnis Supel, Larisa Baumanez, Oskars Valtenbergsl,
Regina Knitter’, Olivers Leys’
!Latvijas Universitates Kimiskas fizikas institiits
2Latvijas Organiskas sintézes institiits
Karsriies Tehnologiju institiits

Modificétas litija ortosilikata (LisSiO4) minilodites ar titana dioksida (TiO,) piedevu
ir izvélétas, ka tritiju generdjosa keramika kodolsintézes iekartu blanketa zonai. Saja
petijuma ir analiz&ta c€lmetalu — platina (Pt), zelta (Au) un rodija (Rh), piemaisijumu
ietekme uz modificéto Li4SiO4 minilodiSu radiolizi. Radiacijas defektu veidosanas un
uzkraSanas paraugos analiz€ta ar elektronu paramagnétiskas rezonanses metodi pec
minilodiSu apstaroSanas ar paatrinatiem elektroniem (E=5 MeV) lidz 12 MGy
absorbétai dozai 300-345 K temperatiira. Noteikts, ka c€lmetalu piemaisijumi ar
koncentraciju lidz pat 300 ppm bitiski neietekme radiacijas defektu veidoSanos un
uzkrasanos modificétas LisSi04 minilodites.

INFLUENCE OF NOBLE METAL IMPURETIES ON RADIOLYSIS OF
MODIFIED LITHIUM ORTHOSILICATE PEBBLES

Artiirs Zarin$', Gunta Kizénel, Arnis Supel, Larisa Baumane®, Oskars Valtenbergsl,
Regina Knitter’, Olivers Leys’
! Institute of Chemical Physics, University of Latvia
? Latvian Institute of Organic Synthesis
I Institute for Applied Materials, Karlsruhe Institute of Technology

Modified lithium orthosilicate (LisSiO4) pebbles with additions of titanium dioxide
(TiO,) are suggested as advanced tritium breeding ceramics for fusion devices. In this
research the influence of the noble metals - platinum (Pt), gold (Au) and rhodium
(Rh), on the radiolysis of the modified LisSiO4 pebbles have been analysed. Using
electron spin resonance spectroscopy, the formation and accumulation of radiation-
induced defects was analysed after irradiation with accelerated electrons (E=5 MeV),
up to 12 MGy absorbed dose at 300-345 K. It was determined that the impurities of
the noble metals with a sum content of up to 300 ppm do not significantly influence
the formation and accumulation of radiation-induced defects in the modified LisSiO4
pebbles.

This research of the Baltic-German University Liaison Office was supported by the
German Academic Exchange Service (DAAD) with funds from the Foreign Office of the
Federal Republic Germany. The research was done in the frame of the project
“Investigation of changes of physico-chemical properties of fusion reactor functional
materials under influence of high-energy radiation”.
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PLAZMAS IEDARBIBAS IETEKMES MODELESANA AR LIELAS JAUDAS
LAZERA STAROJUMU

Liga Avotina1’2’3, Corneliu Porosnicuz, Alina G. Iliez, Laura Mihaiz, Andrei Stancaliez,
Davis Conkal, Aurelian Marcuz, Cristian P.Lunguz, Gunta Kizﬁnel, Stefan Antohe“’, Dan Sporea2
ILatvijas Universitate, Kimiskas fizikas institiits,

’Naciondlais Lazeru, plazmas un radiacijas fizikas institits
’Bukarestes Universitate, Fizikas fakultate
4Rumdnijas Zinamu akadémija

Oglekla 3kiedras kompozitmateriali (OSK), kas satur grafitu, parklati ar W labas
siltumvaditspgjas (lidz ~250 Wm'K") [1], termiska Soka izturibas [2], nosaciti zemas
kodoldegvielas aiztures d&| ir izmantojami kodolsintézes reaktoros par divertora
materialiem [3]. Tom&r kodolsint€zes reakciju laika plazmas un plazmas kameras sienu
mijiedarbibas rezultata notiek: Be, C un W saturo$u nosédumu slanu, jaunu kimisku
savienojumu veidoSanas, mikrostrukttiras izmainas, kas izraisa kodoldegvielas daudzuma
samazina$anos kamera.

Darba augstas energijas plismu (10-100 MWm™) [4], kada iesp&jama tokamaka veida
reaktoros, model€, apstarojot ar termojonu vakuuma loka izlades metodi iegiitus prototipa
slanus ar dazadu vilnpu garumu ns lazera impulsiem. Apstarotos materialus analiz€ja ar
FT-IR un Ramana spektroskopijas metodi.

Lazera impulsu laika novérotas izmainas Be un grafita kristalu struktiira, sp® hibridizéta
oglekla satura pieauguma atbilst lazera raditas energijas Gausa sadalfjumam apstarotaja
laukuma. Fotoni ar lielaku energiju izraisa lielakas struktiiras izmainas energiju apgabala
zem parklajuma ablacijas sliek$na.

MODELLING OF PLASMA-WALL INTERACTIONS WITH HIGH POWER LASER
IRRADIATION

Liga Avotina1'2'3, Corneliu Porosnicuz, Alina G. Iliez, Laura Mihaiz, Andrei Stancaliez,
Davis Conkal, Aurelian Marcuz, Cristian P.Lunguz, Gunta Kizanel, Stefan Antohe3’4’, Dan Sporea2
!Institute of Chemical Physics, University of Latvia
*National Institute for Laser Plasma and Radiation Physics
JFaculty of Physics, University of Bucharest
*Academy of Romanian Scientists, Bucharest

Carbon fiber composites (CFC), containing graphite, covered with W, due to good
thermal conductivity (up to ~250 Wm'K™ [1]), thermal shock resistance [2], comparably
low fuel retention are suitable for use in fusion reactors, as divertor materials [3].
However, during plasma wall interactions, several effects are induced: depositions of Be,
C and W coatings on plasma facing surfaces, formation of new chemical compounds,
changes in microstructure, that leads to decrease of fuel amount in vacuum vessel.
In this work high energy fluxes (10-100 MWm™) [4] possible in tokamak reactors, are
simulated by irradiating prototype coatings, made with thermionic vacuum arc technique,
with ns laser pulses. Irradiated coatings are characterized by Raman and FT-IR
spectroscopy.
During laser irradiation induced changes in Be and graphite crystalline structure and
increase of sp® hybridized carbon correspond to energy Gauss distribution in vicinity of
irradiated area. More energetic photons seem to be more effective in inducing structural
modifications below the material ablation threshold.

1. J.P.Bonal, C.H.Wu, Journal of Nuclear Materials 228 (1996) 155-161

2. V.Barbash et al., Journal of Nuclear Materials 233-237 (1996) 718-723

3. V. Riccardo et al., Fusion Engineering and Design 89 (2014) 1059-1063

4. J.Rapp et al./ Nuclear Fusion 44 (2004) 312-319
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SKANDIJA FLUORIDA LOKALAS STRUKTURAS ANALIZE ATKARIBA
NO TEMPERATURAS

Inga Jona‘mel, Janis Timoéenkol, Aleksejs Kuzmins 1, Dmitrijs Bocarovs 1, Matthias Krack >
'Latvijas Universitates Cietvielu fizikas institiits
% Paula Serera institiits

Skandija fluorids (ScF3) ir perovskita tipa savienojums, kuram plasa temperatiru
diapazona (0-1100 K) ir novérota izteikta kristaliska reZga negativa termala izpleSanas
(NTE) [1]. Lai izprastu So efektu, javeic materiala lokalas struktiiras analize atkariba
no temperatiiras. Sim nolikam var tikt izmantota Sc K-malas rentgenstarojuma
absorbcijas spektru sikstrukttras (EXAFS) metode.

EXAFS spektri satur informaciju par tadiem svarigiem struktiiras parametriem ka
starpatomu attalumi, atomu svarstibu amplitidas, kimisko saiSu stiprumi utt. So
spektru interpretacijai var tikt izmantotas vairakas uz skaitliskajiem aprékiniem
balstitas model&Sanas metodes, kas lauj iegiit parauga 3D struktiiras modeli. Saja
darba tiek izmantota apgriezta Monte-Karlo metode ar evolucionara algoritma pieeju
(RMC/EA) un ab initio molekulara dinamika (MD). Izmantojot MD, ir iesp&jams
sekot atomu koordinaSu izmainai laika, savukart, RMC/EA lauj ieglt atomu
“iesaldetas” konfiguracijas, kas labi apraksta eksperimentalos datus. Darba tiek
salidzinati ar abam metodém iegltie rezultati plasa temperatiru diapazona, ka ar1
apspriests iespgjamais NTE mehanisms.

TEMPERATURE DEPENDENCE OF THE LOCAL STRUCTURE OF
SCANDIUM FLUORIDE

Ingal onane', Janis Timoshenko', Alexei Kuzmin ', Dmitry Bocharov ! Matthias Krack >
'Institute of Solid State Physics, University of Latvia
% Paul Scherrer Institute

Scandium fluoride (ScF3) is a perovskite-type compound, which is interesting due to
large negative thermal expansion (NTE) of its lattice in a wide temperature range (0-
1100 K) [1]. To understand this effect, it is necessary to carry out the analysis of the
local structure of the material as a function of temperature. For this purpose, we
employed Sc K-edge extended X-ray absorption fine structure (EXAFS) technique.
EXAFS spectra contain information about important structural parameters as
interatomic distances, amplitudes of atomic oscillations, strength of chemical bonds,
etc. For advanced interpretation of the EXAFS spectra one can use several
calculation-based methods, which allow one to construct a 3D structure model of the
material. In this study we employ reverse Monte-Carlo method with evolutionary
algorithm approach (RMC/EA) and ab initio molecular dynamics (MD). Using MD a
time-dependent structure model can be obtained, while RMC/EA gives one “frozen”
atomic configurations, which are in good agreement with the experimental data. The
results obtained by both methods in a wide temperature range will be compared, and
possible NTE mechanism will be discussed.

[1] B. K. Greve, K. L. Martin, P. L. Lee, P. J. Chupas, K. W. Chapman, A. P.
Wilkinson, J. Am. Chem. Soc. 132 (2010) 15496.
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OKSIDU NANODALINU VEIDOSANAS ODS TERAUDU IZGATAVOSANAS
PROCESA.

Arturs Cinting!, Andris Anspoksl, Juris Purans', Tim Graeningz, Pavel Vladimirov?,
Jan Hoffman?, Nerea Ordas’, Carmen Garcia-Rosales’
ILatvijas Universitates Cietvielu fizikas institiits
’Karlsruhe Institut fiir Technologie, Institut fiir Materialforschung-I
? Univ Navarra, CEIT 1K4, Donostia San Sebastian

Oksidu stiprinats terauds (ODS) ir perspektivs kodolsintézes reaktoru materials. Saja
darba ir izpetita Y oksidu nanodalinu veidoSanas ODS térauda izgatavoSanas procesa,
izmantojot rentgenabsorbcijas spektroskopiju. Darba ir izmantota rentgenabsorbcijas
spektru piemalas sikstruktiiras (XANES) un rentgenabsorbcijas spektra sikstruktiiras
(EXAFS) analize.

Y K-malas XANES datu analize deva kvalitativu informaciju par Y lokalo strukttiru
ODS matrica, un tas atkaribu no apstrades temperatiiras. No EXAFS datiem mées

ieguvam lokalas struktiiras parametrus un radialas sadalfjuma funkcijas rekonstrukciju.

Darba rezultata més atklajam ka mainas Y valances stavoklis un lokala struktiira,
atkariba no apstrades temperattras un ilguma.
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OXIDE NANOPARTICLES FORMATION IN ODS STEEL MATERIAL
MANUFACTURING PROCESS.

Arturs Cintins', Andris Anspoksl, Juris Purans', Tim Graeningz, Pavel Vladimirov?,
Jan Hoffman?, Nerea Ordas’, Carmen Garcia-Rosales’
ILatvijas Universitates Cietvielu fizikas institiits
*Karlsruhe Institut fiir Technologie, Institut fiir Materialforschung-I
* Univ Navarra, CEIT 1K4, Donostia San Sebastian

Oxide dispersion strengthened (ODS) steels are promising materials for fusion
reactors. In this work we have studied formation of Y oxide nanoparticles in ODS
steel during manufacturing process using analysis of x-ray absorption near edge
structure (XANES) and extended x-ray absorption fine structure (EXAFS).

Analysis of Y K-edge XANES revealed qualitative information about dependency of
local structure of Y in ODS matrix on processing temperature. From EXAFS we
obtained local structure parameters and reconstructed radial distribution function for
Y.

As a result, we revealed changes in Y valance state and local structure as function of
processing temperature and mechanical alloying.
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ROBE2V1R§MU PLASTIFICEJOSA LOMA AR DC MAGNETRONA
IZPUTINASANU IEGUTOS OGLEKLA/VARA NANOKOMPOZITU
PARKLAJUMOS

Roberts Zabels', Vladimirs Kovalenkoz, Pavels Nazarovs>
"Latvijas Universitates Cietvielu fizikas institiits
’Augsto tehnologiju uznémums SIA NACO TECHNOLOGIES

Ar augstas jaudas (>60 W/cm?2) un razibas (lidz 0.17 um/min) lidzstravas magnetrona
izputinasanas metodi uz t€rauda, silicija un stikla pamatném tika iegttas biezas (Iidz
10 um) amorfa oglekla-vara nanokompozita kartinas. ASM un SEM pétijumi paradija,
ka ieglitas kartinas sastav no amorfa oglekla (a-C) matricas, kura ietvertas vara
nanodalinas (izméra <20 nm). Kartinu struktiira mainas no fragment&tas kolonveida
pie augstakas vara koncentracijas (ap 90 at.% Cu) Iidz nesakartotai pie paaugstinata
oglekla satura. Nanoindent€Sanas m&rfjumi uzradija, ka kartindm piemit pienemama
cietiba (2-4 GPa), ka ar1 plastiskums, kas tuvojas tira vara kartinai raksturigajam.
Plastiskas deformacijas zonas izp€te ap indentora nospiedumu atklaj lokaliz&tu bides
zonu veidoSanos, kas ir tipiski graudu robezu slidésanas mehanismam [1]. Galvena So
ar varu bagato nanokompozitu kartinu prieksrociba ir salidzino$i augstais plastiskums
pétitaja vara koncentraciju diapazona. Sie nanokompozitu parklajumi perspektivi
pielietojumi ka cieta smérviela vai ka plastiska komponente kompleksos
tribologiskajos parklajumos.

INTERFACIAL PLASTICITY OF DC MAGNETRON SPUTTERED
CARBON/COPPER NANOCOMPOSITE FILMS

Roberts Zabelsl, Vladimir Kovalenkoz, Pavel Nazarov?
!Institute of Solid State Physics, University of Latvia
?Company for advanced technologies NACO TECHNOLOGIES

Thick (up to 10 pum) amorphous carbon-copper nanocomposite films with a carbon
content from 7 to 40 at.% have been deposited onto steel, silicon and glass substrates
using a high power (>60 W/cm?) and high-rate (up to 0.17 pm/min) DC magnetron
sputtering. The investigation by AFM and SEM confirms that the deposited films
consist of copper nanograins (size < 20 nm) incorporated within the matrix of
amorphous carbon (a-C). The structure of films varies from fragmented columnar at
the highest copper contents (around 90 at.% Cu) to disordered at increased carbon
concentrations. Nanoindentation tests show a reasonable hardness of films (2-4 GPa)
with a plasticity approaching that of a pure copper film. The study of the zone of
plastic deformation around indents reveals formation of localized shear bands typical
for the interfacial sliding mechanism [1]. The main advantage of the copper-rich
nanocomposite films is their comparatively high plasticity in the investigated range of
the copper content. Such nanocomposite coatings have a potential as a solid lubricant
or as a plastic component for complex tribological coatings.

Reference: J. Maniks et al. / Surface & Coatings Technology 276 (2015) 279-285
Financial support provided by Scientific Research Project for Students and Young Researchers Nr.

S8JZ2015/24 realized at the Institute of Solid State Physics, University of Latvia is greatly
acknowledged.
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REAKTIVA MAGNETRONA UZPUTINASANA IEGUTO ZnO:Ir UN Zn-Ir-O
PLANO KARTINU STRUKTURA, OPTISKAS UN ELEKTRISKAS IPASIBAS

Martins Zubkins, Roberts Kalendarevs, Jevgénijs Gabrusenoks, Aina Plaude, Kaspars Vilnis,
Andris Azens, Juris Purans
Latvijas Universitates Cietvielu fizikas institiits

Caurspidigas un elektrovadosas oksidu (TCO) planas kartinas ir svarigs elements gan
informacijas (LCD, OLED, skarienjiitigajos displejos), gan energijas tehnologija
(saules baterijas, zemas emisijas logos). Svarigi ir izgatavot efektivas p-tipa TCO
planas kartinas, lai attistitu caurspidigo elektroniku, jo lielaka dala TCO materialu ir
n-tipa pusvaditaji. Eksperimentalu un teor€tisku pétijumu rezultati rada, ka
polikristaliskas spinela Znlr,O, planas kartinas ir caurspidigi p-tipa pusvaditaji [1,2].
Saja darba tika pétitas fizikalas Tpasibas ar iridiju leggta cinka oksida (ZnO:Ir) un
amorfa cinka-iridija oksida (Zn-Ir-O) planajam kartinam, kas iegiitas ar reaktivo
magnetrono uzputinasanu.

Kartinu struktira tika raksturota ar XRD, FTIR un Ramana spektroskopiju. Iridija
legéSana ZnO samazina gan planas kartipas kristalizacijas pakapi, gan parsvara
orientaciju. Kartinas pariet rentgenstariem amorfa struktiira aptuveni starp 5 - 10 at. %
iridija atkariba no izgatavoSanas temperatiiras. Absorbcijas koeficients pie 550 nm
palielinas lineari lidz ar iridija koncentracijas pieaugumu. Nomérama elektriska
vadamiba paradas virs 10 at. Ir % un palielinas lidz ar iridija koncentracijas
pieaugumu. Paraugam ar 12.4 at. % Ir elektriska pretestiba ir 83 Qcm (n-tips), bet
paraugam ar 34.7 at. % Ir pretestiba ir 3.1 x 107 Qcm (p-tips).

STRUCTURE, OPTICAL AND ELECTRICAL PROPERTIES OF ZnO:Ir
AND Zn-Ir-O THIN FILMS DEPOSITED BY REACTIVE MAGNETRON
SPUTTERING

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

Transparent conducting oxide (TCO) thin films are important components for
information (LCD, OLED, touch screens) and energy (thin film solar cells, low-
emissivity windows) technologies. It is important for the development of transparent
electronics to produce efficient p-type TCO thin films due to the fact that most of the
TCO thin films are n-type semiconductors. Polycrystalline spinel Znlr,O4 thin films
are shown as transparent p-type semiconductors by experimental and theoretical
studies [1,2]. This study investigates physical properties of iridium doped zinc oxide
(ZnO:Ir) and x-ray amorphous zinc-iridium oxide (Zn-Ir-O) thin films deposited by
reactive magnetron sputtering.

Structure of films was investigated by XRD, FTIR and Raman spectroscopy. Iridium
dopants in the ZnO degrade both crystallinity and orientation of the thin films
structure. Films become x-ray amorphous approximately in the range from 5 to 10
at. % iridium, depending on substrate temperature. Absorption coefficient at 550 nm
increases linearly with the iridium concentration. Measurable conductivity appears
above 10 at. % Ir and increases with the iridium concentration. Electrical resistivity of
sample with 12.4 at. % Ir is 83 Qcm (n-type) and 3.1 x 10 Qcm for sample with 34.7
at. % Ir (p-type).

[1] Dekkers M, Rijnders G, Blank D H A 2007 Appl. Phys. Lett. 90 021903
[2] Amini M N, Dixit H, Saniz R, Lamoen D, Partoens B 2014 Phys. Chem. 16 2588

79



Materialu struktiira un nanomateriali, 18. februaris

2D PAREJAS METALU HALKOGENIDU NANOKRISTALI

Edgars Butanovs, Boriss Polakovs, Janis Zidelﬁns, Aleksejs Kuzmins, Jelena Butikova
Latvijas Universitates Cietvielu fizikas institiits

Parejas metalu halkogenidu materiali p€d€jos gados ir piesaistijusi pastiprinatu
zinatnieku uzmanibu to neparasto Ipasibu d€l, kuras Siem materialiem paradas
nanoméroga. Tadu pusvaditaju materialu ka WS, un MoS, divdimensiju
nanostruktlras ir tiesa aizliegta zona, salidzinajuma ar masiva materialiem, kuriem ir
netiesa, tadgjadi $adam struktiram piemit daudz potencialu pielietojumu
optoelektronika, sensoros, mikroelektronika, ka arT to struktiiras un liela Tpatngja
virsmas laukuma d€l arT nanotribologija, katalizé u.c.

Darba gaita tika izaudzeéti WS, un MoS; divdimensiju nanokristali uz silicija oksida
pamatnes, ka arT MoS, nanokristali uz safira pamatnes, izmantojot kimisko tvaiku
kondensacijas metodi pie atmosferas spiediena. Izaudz&to nanokristalu raksturoSanai
tika izmantots optiskais mikroskops, skengjosais elektronu un atomspeku mikroskops,
ka arT Ramana spektroskopija. MoS, nanokristalos tika noveérota fotoluminiscence ar
piki pie 677 nm, savukart WS, nanokristalos ar piki pie 640 nm. Tika veikti
secindjumi par lumiscences intensitates atkaribu no nanokristalu biezuma.

2D TRANSITION METAL DICHALCOGENIDE NANOCRYSTALS

Edgars Butanovs, Boris Polyakov, Janis Zideluns, Alexei Kuzmin, Jelena Butikova
Institute of Solid State Physics, University of Latvia

In recent years transition metal dichalcogenide materials have attracted significant
attention due to their unusual properties in nanoscale. Semiconducting material, such
as WS, and MoS,, two-dimensional nanostructures have direct band gaps, compared
to indirect band gap in their bulk counterparts, therefore such nanostructures offer
numerous potential applications in optoelectronics, sensing, microelectronics, and due
to their layered structure and high specific surface area also in nanotribology,
catalysis etc.

WS, and MoS, two-dimensional nanocrystals were grown on a silica wafer and MoS,
nanocrystals on a sapphire wafer by atmospheric pressure chemical vapour
deposition. Optical microscope, scanning electron and atomic force microscope, and
Raman  spectroscopy was used to characterize grown nanocrystals.
Photoluminescence with a peak at 677 nm was measured in MoS, nanocrystals, and
with a peak at 640 nm in WS, nanocrystals. Relation between nanocrystal thickness
and photoluminescence intensity is discussed.
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NO METALA OKSIDU NANOVADIEM VEIDOTI KODOLA-APVALKA
NANOMATERIALI

Janis Zideliins Boriss_Polakovs, Edgars Butanovs, Jelena Butikova, Aleksejs Kuzmins
Latvijas Universitates Cietvielu fizikas institits

Pienaciga materialu izv€le un kombinacija kodola/apvalka nanovados lauj uzlabot to
Tpasibas un ievérojami palielinat funkcionalitati. Cietvielu kimiskas reakcijas starp
kodola un apvalka materialiem paaugstinatas temperatiiras ir perspektiva bet maz
pétita téma nanomateridlu joma. Saja pétfjuma heterostrukturéti CuO/CuWO,
kodola/apvalka nanovadi tika veidoti ar Iidzstravas magnetronu putinaSanas palidzibu
uz CuO nanovadiem uzputinot amorfu WO;3; kam sekoja to termala apstrade gaisa.
Nanovadu augSana, morfologija un iek$§ja atomu struktira tika pétita izmantojot
skengjoSo (SEM) un caurejosa starojuma (TEM) elektronu mikroskopus. CuWO,
apvalka veidoSanas ap CuO nanovada kodolu tika apstiprinata ar mikro-Ramana
spektroskopijas palidzibu.

. Ay — ]
SEM attéli: CuO nanovadi uz vara folijas(a), CuO nanovadi lielaka palielinajuma (b),
ar WOs-parklati CuO NW (c), kodola-apvalka CuO/W O3 nanovadi karséti 650°C (d),
kodola-apvalka CuO/WOs; nanovadi karséti 450°C (e, f), kodola-apvalka CuO/W O3
nanovadi karséti 650°C (g, h)

METAL OXIDE NANOWIRE BASED HYBRID CORE-SHELL
NANOMATERIALS

Janis Zideluns, Boriss_Polakovs, Edgars Butanovs, Jelena Butikova, Aleksejs Kuzmins
Institute of Solid State Physics, University of Latvia

Proper combination of materials in core-shell nanowires allows to improve their
properties, and significantly enhance their functionality. Solid state chemical reaction
between core and shell materials at elevated temperatures is perspective but scarcely
explored topic in nanomaterial science. In this study heterostructured CuO/CuWO4
core/shell nanowires were produced by DC magnetron sputtering of amorphous WO3
on CuO nanowires followed by thermal treatment in air. Evolution of nanowires
morphology and internal atomic structure upon heating was studied by scanning and
transmission electron microscopy. The formation of CuWOQ, shell around CuO
nanowire core was confirmed by micro-Raman spectroscopy.
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PETNIECIBAS VIRZIENI UDENRAZA ENERGETIKAS MATERIALU
LABORATORIJAI 2016.-2024. GADIEM

Janis Kleperis, Liga Grinberga, Jilija Hodakovska, Martin§ Vanags, Georgijs Cikvaidze,
Janis Klavins, Péteris Lesni¢enoks, Ainars Knoks
Latvijas Universitates Cietvielu fizikas institits

Laboratorija ir izaugusi no Pusvaditaju materialu dalas Cietvielu jonikas laboratorijas
1998. gada ka Gazu sensoru un sensoru sist€mu laboratorija. 2005. gada p€tniecibas
akcenti no gazu sensoriem un sensoru sisttmam parvietojas uz fidenradi, un 2011.
gada laboratorija nostiprinajas Udenraza energétikas materialu péEtnieciba.

Turpmakajos gados pétniecibas virzieni paplaSinas, un Sobrid skatoties uz nakotni tos

var definét ta:

e Jauni materiali un inovativas tehnologijas pielietojumiem alternativaja energétika;
prototipi paSpietieckamam transporta un energoapgades sisttmam ar inovativas
energijas iegtiSanas un uzkraSanas iekartam un atjaunojamiem resursiem. Dibinat
“spin-off” uzn€mumu prototipu pavairo$anai un ievieSanai pie LU CFI;

e Jauni materiali un inovativas tehnologijas vides piesarnojuma samazinasanai un
monitoringam - sadarbiba ar uzn€méjiem un Rigas domi realiz&t pilotprojektus par
kaitigo izpliides gazu samazinasanu automasSinam, gaisa attiriSanu ielas, izmantojot
inovativus materialus un tehnologijas;

e Sabiedribas un jaunieSu izzinas veicinaSana par oglekla mazietilpigu un vidi
saudzgjosu energoresursu un tehnologiju pielietojumiem transporta un energétika.

RESEARCH DIRECTIONS 2016-2024 OF HYDROGEN ENERGY
MATERIALS LABORATORY

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

The laboratory has grown from a Solid State Ionics laboratory of Department of
Semiconductor Materials in 1998 as Gas Sensor and Sensor Systems laboratory. In
2005, the research highlights moved to hydrogen and strengthened in 2011 in the

Laboratory of Hydrogen Energy Materials. In the subsequent years research directions

expanded and currently looking to the future can be defined next:

* New materials and innovative technologies in alternative energy; prototypes of self-
sufficient transport and energy supply systems with innovative energy production
and storage facilities based on renewable resources. To establish a "spin-off"
company at the ISSP for multiplication and implementation of a prototypes;

* New materials and innovative technologies air pollution monitoring pollution
reduction - in collaboration with entrepreneurs and the Riga City Council to carry
out pilot projects on reduction the harmful exhaust gases for cars on streets; air
pollution reduction directly in streets, using innovative materials and technologies;

* Cognitive promotion of public and young people about the low/zero carbon and
environmentally friendly energy sources and technologies for applications in
transport and stationary energy supply — activities like Solar Cup, book/e-
portal/courses for study renewable energy resources and technologies.

The financial support of National Research Programs LATENERGI and IMIS? as
well as Project No666 from Latvian Science Council is greatly acknowledged.
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SULFONETA POLI(ETER-ETER-KETON)A UN NAFIONA
KOMPOZITMATERIALA DOPESANA AR HIGROSKOPISKIEM
OKSIDIEM

Jalija Hodakovska', Stanislavs LoZkins'?, Janis Kleperis1
! Latvijas Universitates Cietvielu fizikas institiits
? Rigas Tehniskdas Universitates, Materialzindtnes un lietiskas kimijas fakultdte

Poliméru izmantoSana degvielas §tinas izvirza virkni prasibu pret materialu, piem&ram,
augsta protonu vadamiba un laba kimiska izturiba. Komerciali razoti tiek poliméri uz
tetrafluoretiléna (teflons) bazes, kas ir mugurkauls, un dazadiem oglidenraza k&7Zu
sanu atzarojumiem, piemé&ram, Nafion®. Lai novérstu dazus komercidlo materialu
trikumus, turpinas modificétu tetrafluoretiléna poliméra un uz citu atomu k&zu
balstito poliméru pétijjumi. Viens no tadiem trikumiem, kas jarisina, ir protonu
parneses atkariba no absorbéta fidens daudzuma, kas iztvaiko pie darba temperatiiram
virs 60 °C, ja gazes mitrind$anas sistéma rodas problémas. ST jautajuma risinajumi var
bt daudzveidigi: no Gidens aizvietoSanas ar jonus vadoSiem Skidrumiem Iidz pat
modificeSanai ar dazadiem higroskopiskiem savienojumiem.

Darba ir sintezéti un petiti paraugi, kas sastav no diviem polim&riem (Nafion un
poli(eter-eter-keton)s) un neorganiska oksida nanodalinam. Neorganisko materialu
izvele ir balstita uz to higroskopiskuma; divu poliméru kompozitmaterialam to
struktiras atSkiribu d€] ar1 var€tu bt uzlabota protonu vadamiba pie darba
temperatiram un pazeminata mitruma.

SULFONATED POLY (ETHER-ETHER-KETONE) AND NAFION
COMPOSITE DOPING WITH HYGROSCOPIC OXIDES

Julija Hodakovska', Stanislavs Lozkinsl’z, Janis Kleperis1
!Institute of Solid State Physics, University of Latvia
*Faculty of Materialscience and Applied Chemistry, Riga Technical University

There are several requirements for materials used in fuel cells, e.g. high proton
conductivity and good chemical stability. Commercially produced polymers (e.g.
Nafion®) mostly are based on tetrafluorethylene (Teﬂon®) as backbone with different
side branches. This type of materials has several drawbacks, and to improve
performance of fuel cells polymers are modified and new ones are synthesized for
further research.

One of the existing problems for materials is proton conductivity dependence on
amount of absorbed water, which evaporates at working temperatures above 60 °C in
case of failures in humidifying system. To prevent it, several possibilities are used
such as replacing water by ionic liquids, doping with hygroscopic compounds etc.

In this work materials from sulfonated poly(ether-ether-ketone) and Nafion doped
with inorganic oxide nanoparticles were synthesized and physio-chemical properties
determined. Inorganic compound are chosen accordingly its hygroscopicity, also
mixing two polymers (adding Nafion to SPEEK) could have good influence on proton
conductivity in case of low humidity.

The financial support of National Research Program LATENERGI (2014-2017) is
greatly acknowledged.
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NAFIONA POLIMERA MODIFICESANA AR HIGROSKOPISKIEM
ALUMINIJA UN SILICIJA OKSIDU NANOPULVERIEM IZMANTOSANAI
DEGVIELAS SUNA

Stanislavs LoZkins'?, Jilija Hodakovska®, Janis Kleperis2
! Rigas Tehniskas Universitates Materidlzindtnes un lietiskas kimijas fakultdte;
? Latvijas Universitdtes Cietvielu fizikas institiits

Protonus vadoSa Nafiona membrana ir izplatitakais komercialais materials, ko pielieto
ka elektrolitu protonus vadoSas membranas degStina. Tai piemit visaugstaka
protonvaditsp€ja, salidzinot ar citiem protonus vadoSu poliméru analogiem, tacu $im
materialam ir daZzi triilkumi, taja skaitd zema protonu vadamiba pie pazeminata relativa
mitruma.

Darba ir apskatita iesp&ja uzlabot Nafiona membranu 1pasibas, dop€jot polim&ru ar
oksidu nanopulveriem, kuriem piemit izveletas 1pasibas. Tika sintez&ti paraugi ar 3%
neorganiskas komponentes dalu poliméra attiecibas Al,05:Si0,=1:1; 1:3; 3:1. Abi
oksidi ir higroskopiski, tacu aluminija oksidam ir raksturiga sp€ja saglabat saistito
fideni pie augstakam temperatiram, salidzinot ar silicija oksidu. Sintezetajiem
paraugiem tika pétita protonu vadamiba pie 100% un zem 10% relativa mitruma,
termiskas 1pasibas un tdens absorbcijas izmainas, salidzinajuma ar tiru Nafiona
polim@ru un paraugiem, kuros piedeva ir tikai viens no oksidiem. No iegiitajiem
rezultatiem tiek secinats, ka paraugam Nafiona polimérs ar Al,03:Si10,=3:1 piemit
labaka 1pasibu attieciba.

NAFION POLYMER MODIFICATION WITH HYGROSCOPIC
ALUMINA AND SILICA NANOPOWDERS FOR APPLICATION IN FUEL
CELLS.

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

Proton conducting membrane Nafion is the most popular commercial material, which
is used as electrolyte in proton exchange membrane fuel cell. This membrane has
better proton conductivity in comparison with other proton conducting polymer
analogues, however have some drawbacks too, for example, low proton conductivity
at low relative humidity (RH).

In this work a possibility to improve the membrane properties by doping polymer
matrix with nanopowder oxides having the required characteristics is studied. The
samples with 3% of non-organic component part in polymer with a ratio of Al,Os:
Si0, = 1:1; 1:3; 3:1 were synthesized. Both oxides are hygroscopic; however alumina
is characterized by the ability to retain water at higher temperatures, compared with
silica. Proton-conductivity at 100% and below 10% RH, thermal properties and water
absorption ability were studied and compared with pure Nafion polymer and samples
with one of the oxide additive. From obtained results it is concluded that samples of
Nafion with Al,Os: SiO; = 3:1 has the best relation of observed properties.

The financial support from National Research Program LATENERGI (2014-2017) is
greatly acknowledged.

86



Udenraza materiali un energetika, 18. februaris

TITANA DIOKSIDA ALOTROPISKAS MODIFIKACIJAS, KRISTALITU
IZMERI UN FOTOAKTIVITATE

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

Sodienas sabiedriba pat ne vienu dienu nevar iztikt, neizmantojot lietas, kuras satur
titana dioksidu. Titans ir devitais izplatitakais elements Zemes garoza, un katru gadu
vismaz 6 miljoni tonnu ta oksids tiek pardots farmacijas un kosmétikas industrijai,
plastmasu un papiru razotajiem un citur ka baltais pigments. Pec titana dioksida (TiO,)
fotokatalitisko Tpasibu atklasanas 20. gadsimta sakuma, tikusi veikta dazada veida
TiO, sinteéze un izpéte. Ir noskaidrots, ka daba pastav vairakas alotropiskas
modifikacijas: anatazs, rutils un brukits. Dazadas fazes atsSkiras ar struktiiru,
raksturigu kristalitu formu un izme&riem, fotofizikalajam T1paSibam. Piemeklgjot
optimalus parametrus un sint€zes metodi iesp&jams iegiit vélamo materialu ar relativi
zemam izmaksam. Elektrokimiska anodeSanas procesa ir saméra vienkarSi vari¢jami
sint€zes parametri.

Saja darba tiek sintezéts TiO, parklajums uz metala folijas elektrokimiska anod@Sanas
procesa. Varigjot anodéSanas un paraugu pecapstrades parametrus tiek iegiitas dazadu
modifikaciju TiO,. Fazu sastavs un kristalitu izméri tiek noteikti ar rentgenstaru
difrakciju. Fotoaktivitates noteikSanai tiek lietotas fotopirmsprieguma, issléguma
fotostravas un citas foto-elektrokimiskas izp&tes metodes. Balstoties uz iegiitiem
rezultatiem tiek noteikts alotropisko modifikaciju sastavs un kristalitu izmé&ru ietekme
uz TiO, fotoaktivitati.

ALOTROPIC MODIFICATION, CRYSTALINITY AND PHOTOACTIVITY
OF TITANIUM DIOXIDE

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

In the modern public life is not the day when we will not use titanium dioxide. Titania
is the naturally occurring oxide of titanium, the ninth most abundant element in the
Earth’s crust. About 6 million tons of TiO; is sold every year and as white pigments
applied in medicine to make-up products, in plastics, in paper and so on. With
discovery of photocatalytic properties of titanium dioxide since the early part of the
20th century, intensive research of TiO, and its properties have been done. Three
allotropic modifications, anatase, rutile, and brookite are known, and all of them can
be synthesized too, requiring different synthesis parameters. Electrochemical
anodization allows synthesis of necessary anatase TiO, with accessible way of
influence on initial parameters. Accessible variation of initial parameters can provide
relatively low cost synthesis of materials.

In this work TiO, is synthesized using electrochemical anodization with various
parameters to gain multiple allotropic modifications. Morphology is studied with
scanning electron microscopy, crystallinity and modification structure is investigated
with x-ray diffraction. Photoactivity of TiO, is determined using photo
electrochemical methods such as photocurrent measurements.

Acknowledgement. Authors acknowledge National Research Program IMIS?.
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OGLEKLA NANOSTRUKTURAS UN CITI MATERIALI UDENRAZA
SENSORAM

Péteris Lesniéenoksl’z, Janis Kleperisz, Maris Knite3, Liga Grinberga2
! Latvijas Universitates Cietvielu fizikas institiits
? Rigas Tehniskas Universitates Materidlzinatnes un Lietiskas Kimijas Fakultate
S RTU Tehniskas Fizikas Institiits

Udenradis ka nozimigs reagents kimiskaja riipnieciba tiek plasi lietots jau no 19.
gadsimta beigam, ka degviela autotransporta — kops 19. gadsimta sakuma, un ka
energonesgjs transporta un stacionaraja energoapgadé kop$ 20. gadsimta beigam.
Jebkur$ no Siem pielietojumiem saistits ar eksploziju risku, jo idepradis koncentraciju
intervala 4-75 tilp.% kopa ar gaisu veido spragstoSo gazi, tade| tik nozimiga ir
idenraza nopliizu savlaiciga detektéSana. Udenraza sensorika tiek izmantoti parsvara
5 veidu sensori, no kuriem gandriz visos nepiecieSama augsta energijas pievadiSana
darba temperatiiru nodrosinasanai, vai dargmetali ka katalizatori sensoru konstrukcija
vai izmantoto materialu tilpuma, kuri maina savas IpaSibas, tadgjadi detektejot
idenradi péc pretestibas vai krasu izmainas. STs tehnologijas, lai arT diezgan jutigas,
tacu ir dargas un neefektivi izmanto Pt un Pd, ka arT citus ne parak izplatitus
elementus, kurus biitu iesp&jams izmantot citur. Jauns p€tijumu virziens, pie kura
strada zinatnieki visa pasaulg, ir @idenraza sensori uz grafénu un citu oglekla
nanostrukttiru bazes, kas lauj atbrivoties no kvantitativas dargmetalu izmantoS$anas un
izmantot tikai to nanoparklajumus atrai un kvalitativai Gidenraza gazes detekt€Sana.
Ogles nanostruktiru klajumiem piemit ari lokanibas funkcija, kas ir nozimiga
valkdjamo un parnésajamo tehnologiju attistiba, kur Gidenradis — d€] savas augstas
energoietilpibas, turpinas ienakt. Darba tiek pétita pasu sintezeta vairakslanu graféna
mijiedarbiba ar fidegradi pielietojumam sensoros.

CARBON NANOSTRUCTURES AND OTHER MATERIALS FOR
HYDROGEN SENSOR

Peteris Lesnicenoksl’z, Janis Kleperisz, Maris Knite3, Liga Grinberga4
! Institute of Solid state physics, University of Latvia;
? Faculty of Materials Science and Applied Chemistry, Riga technical University;
? Institute of Technical Physics, Riga technical University

Hydrogen as an important reagent in chemical manufacturing is used since 19™
century, as fuel in auto transportation since the beginning of 19" century and in
stationary energy delivery since 20™ century. Hydrogen sensing usually uses 5 type
sensor systems in whom, usually, large amount of precious metals are needed. Also
high energy demands for system temperature can be used somewhat efficiently.
Colour change or more usual — resistance change is observed in these sensors, but
large volumes of Pt or Pd are used for precise sensing. Hydrogen sensors using
graphene and other type carbon nanostructures can rid ourselves of volumetric
platinum usage and move towards nanolayers or surface decorating for fast and
reliable gas sensing. Also important is the function of flexibility which can be
achieved using nanostructures — in an age when wearable and mobile hydrogen
energetics are an ever-closer everyday reality.

Acknowledgement: Authors acknowledge financial support from Project No666 of
Latvian Science Council.
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IZSKIDUSO GAZU MERIJUMI TIESA KATODA TUVUMA IMPULSA
ELEKTROLIZES LAIKA

Artis Volkovs, Martin$ Vanags, Janis Kleperis
Latvijas Universitates Cietvielu fizikas institits

Darba tika pétitas izSkiduSo gazu koncentracijas, induktiva sprieguma impulsa tidens
elektrolizes laika. Induktiva sprieguma impulss, elektrolizes $tina raksturojas ar atri
augoSu sakuma fronti (Ildz 1us) un relativi Iénu izladi (Iiddz 25ps). Sads impulsa
raksturs jau iepriek$ autoru darbos aprakstits un saistits ar $tinas geometriska
kondensatora uzlades procesa atdaliSanu no elektriska dubultslana uzlades un ladinu
parneses procesa. Autori izvirza sekojosu fidenraza un skabekla izdaliSanas reakcijas
modeli: garaja impulsa izlades astes perioda, tidegpraza izdaliSanas reakciju (HER)
nomana skabekla izdaliSanas reakcija (OER) palielinatas OH" jonu koncentracijas
katoda tuvumd del. Sini darba stadits uzdevums noteikt to eksperimentili.
Eksperimenta tika izmantota paStaisita tidens elektrolizes Stna ar platina stiepli ka
katodu un anodu, un mainigas koncentracijas sérskabes un KOH iidens $kidumiem ka
elektrolitu. Pie katoda tika merits izSkidusa idenraza un skabekla gazu koncentracijas
ar Klarka tipa mikrosensoriem (www.unisense.com). Gazu mé&rfjumos noskaidrots, ka
induktiva sprieguma impulsa laika pie katoda izdalas ne tikai @idenradis, bet ar1
skabeklis, pie kam, sarma Skiduma skabekla koncentracija ir lielaka ka skabju
Skiduma. Skabekla paradiSanas pie katoda liecina par OER norisi pie katoda impulsa
laika.

DIRECT MEASUREMENTS OF DISSOLVED GASES NEAR THE
CATHODE DURING PULSE ELECTROLYSIS

Artis Volkovs, Martins Vanags, Janis Kleperis
Institute of Solid State Physics, University of Latvia;

The study investigates dissolved gas concentrations near electrodes during the
electrolysis of water with inductive voltage pulses. Inductive voltage pulse in the
electrolysis cell is characterized by fast-growing impulse front (up to lups) and a
relatively slow discharge tail (up to 25us). This type of impulse characteristics has
been earlier described and associated with cell’s geometric capacitor charging process
separated from electric double — layer charging and charge transfer process. The
authors puts forward the hypothesis about hydrogen and oxygen evolution pattern in
pulse electrolysis — during long discharge tail the HER is replaced by OER near the
cathode due to increased OH  ion concentration. A handmade water electrolysis cell
with Pt wire electrodes was used in experiments. The concentration of dissolved
hydrogen and oxygen gases near the cathode were measured with Clark-type
microsensors (www.unisense.com). Gas measurements revealed that during the
inductive voltage pulse, not only hydrogen but also oxygen is released near the
cathode. In addition, the oxygen concentration dissolved in an alkaline solution is
higher than in acid solution.

Acknowledgement: Authors acknowledge National Research Program LATENERGI
for financial support.
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ScF3 NEGATIVAS TERMISKAS IZPLESANAS PETIJUMI IZMANTOJOT
MOLEKULARO DINAMIKU NO PIRMA JIEM PRINCIPIEM

Dmitrijs Bo&arovs’ , Matthias Krackz, Aleksejs Kuzmins’ , Juris Purans’ , Aleksandrs Kalinko’ R
Francesco Rocca3, Shebab Ali*
'Latvijas Universitates Cietvielu fizikas institiits
’Paula Serera institiits
’IFN-CNR, Fotonikas un nanotehnologijas institiits
“Suecas kanala universitate

Skandija trifluorids (ScFs) ir viens no materialiem, kuriem piemit negativa termiska
izpléSanas (NTI) zem temperatiras Iidz pat 1100 K [1], kas ir visnozimigaka starp
visiem zinamajiem materialiem ar NTI. Savukart, pilna izpratne par mehanismiem,
kuri noved pie NTI, joprojam nav iegtta. Lai labak izprastu So efektu, mes tika veikti
molekularas dinamikas (MD) aprékini no pirmajiem principiem ScF; temperatiiru
intervala no 300 K 1idz 1600 K. Teorétiskie MD aprekini tika izmantoti lai iegiitu Sc
K-malas rentgenabsorbcijas spektrus, izmantojot MD-EXAFS pieeju [2], un talak
salidzinati ar eksperimentaliem datiem. Skandija/fluora atomu svarstibas anizotropijas
un Sc-F saites anharmoniskas efektu lomas NTI efekta tika diskut&tas.

Petijums ir finansiali atbalstits Latvijas Universitates Cietvielu fizikas institiita
Studentu un Jauno zinatnieku projekta Nr. SJZ2015/6 ietvaros.

STUDY OF NEGATIVE-THERMAL EXPANSION IN ScF3 USING FIRST-
PRINCIPLES AB INITIO MOLECULAR DYNAMICS

Dmitry Bocharov’ , Matthias Krackz, Alexei Kuzmin’ , Juris Purans’ , Aleksandr Kalinko’ s
Francesco Rocca’ , Shebab Al
!Institute of Solid State Physics, University of Latvia,
’Paul Scherrer Institute,
'IFN-CNR, Institute for photonics and nanotechnologies
“Suez Canal University

Scandium trifluoride (ScF3) exhibits strong negative thermal expansion (NTE) below
~1100 K [1], which is more pronounced than that of most known NTE materials.
However, the detailed understanding of the NTE effect in ScF; is still missing. In this
study we performed first-principles molecular dynamics (MD) simulations of cubic
ScF; in the temperature range from 300 K to 1600 K. The obtained MD results were
used to calculate Sc K-edge x-ray absorption spectra, using the MD-EXAFS approach
[2], and were further compared with the available experimental data. The role of
scandium/fluorine atom vibration anisotropy and Sc-F bond anharmonicity in the
NTE effect will be discussed.

Financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZ2015/6 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.

[1] B. K. Greve, K. L. Martin, P. L. Lee, P. J. Chupas, K. W. Chapman, A. P.
Wilkinson, J. Am. Chem. Soc. 132 (2010) 15496.
[2] A. Kuzmin, R.A. Evarestov, J. Phys: Condens. Matter 21 (2009) 055401.
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DOPETA UN NEDOPETA CERIJA DIOKSIDA IPASIBU MODELESANA
TILPUMA FAZE

Andrejs Cesnokovs', Deniss Grj aznovsl, Marko Arrigoniz, Robert Evarestov®
"Latvijas Universitates Cietvielu fizikas institiits
’Maksa Planka Cietvielu pétijumu Institiits
’Kimijas fakultate, Sanktpéterburgas Valsts Universitdte

Cerija dioksids (CeQO,) ir efektivs katalizators ar plasam pielietoSanas iesp&jam. Ta
model&Sana no pirmajiem principiem ir saistita ar zinamam gritibam, kurus izsauc f-
elektronu klatbiitne un to kvantu mehaniskais apraksts.

Darba gaita ir sastadits modelis, kurs balstas uz atomu orbitalu linearu kombinaciju un
uz eksaktas apmainas dalu apmainas-korelacijas funkcionala. Iegiitais modelis lauj
precizi simulét CeO,: tilpuma fazes 1pasibas un defektu uzvedibu taja.

Modela sastadiSanas process ietvéra bazes funkciju kopas optimizé€Sanu un dazadu
apmainas-korelacijas funkcionalu salidzinasanu. Ar optimiz&€to modeli tika iegitas
precizas tilpuma fazes ipasibas: rezga konstante, elastibas modulis, fononu frekvences,
kohgzijas energija, veido$anas energija un citas Tpasibas.

legiitais modelis precizi reprezent€ materiala TpaSibas un tiks izmantots talakiem
aprékiniem, kas ir saistiti ar virsmas un tilpuma fazes defektu izsauktam Tpasibam.

CALCULATION OF PURE AND DOPED CERIUM DIOXIDE PROPERTIES
IN BULK PHASE

Andrejs Cesnokovs', Deniss Grj aznovs', Marko Arrigoniz, Robert Evarestov®
!Institute of Solid State Physics, University of Latvia
’Max Planck Institute for Solid State Research
Department of Chemistry, St. Petersburg State University

Cerium dioxide (CeQ,) is an effective, widely-used catalyst. From ab initio modelling
standpoint, this material is a non-trivial case, because of its f-electrons and the
difficulty of their description using quantum mechanical methods.

In this work we have developed a model on the basis of linear combination of atomic
orbitals and exact exchange contribution to the exchange-correlation functional. This
model allows us to properly simulate CeQOy: its bulk properties and defects’ behaviour
therein.

The development of our model included optimization of the basis set and comparison
of several exchange-correlation functionals. The optimized model led us to accurate
bulk properties: lattice constant, bulk modulus, phonon frequencies, cohesive energy,
heat of formation and other properties.

We demonstrate that the obtained model is suitable for precise representation of the
material and it will be used in subsequent simulations of surface and bulk properties
that include formation of defects.
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KORUNDA STARPMEZGLU SKABEKLA ATOMU MIGRACIJAS
TRAJEKTORIJU APREKINI NO PIRMA JIEM PRINCIPIEM

Aleksandrs Platonenko, Jurijs Zukovskis, Sergejs Piskunovs, Jevgenijs Kotomins
Latvijas Universitates Cietvielu fizikas institits

Radiacijas izraisttas izmainas korunda strukturalas un optiskas 1pasibas, galvenokart,
ir saistitas ar primariem Frenkela defektiem: neitraliem un ladetiem starpmezglu
atomiem O;, , ka arT skabekla vakancém Vi (F centriem). AtSkiriba no tam,
starpmezglu atomi vel nav labi izpétiti.

ST pétijuma més veicam korunda neitrdlo un ladgto starpmezglu atomu Tpasibu un
mobilitates periodiskus ab initio aprékinus izmantojot CRYSTALI14 programmu.
Tika salidzinati neitralo un ladéto defektu geometrija un migracijas energijas,
Malikena atomu ladini un elektronu blivuma sadalijumi. Visos gadijumos starpmezglu
skabekla anjons veido saites ar aluminija katjoniem, nevis aiznem poziciju centra
starp seSiem tuvakiem O, anjoniem, ka tas biitu intuitivi sagaidams. Apréekinatas
migracijas energijas ir salidzinatas ar pieejamiem eksperimentaliem datiem.

FIRST PRINCIPLES CALCULATIONS OF INTERSTITIAL OXYGEN
ATOM MIGRATION PATHS IN CORUNDUM

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

Radiation-induced changes in the structural and optical properties of corundum are
mainly associated with primary Frenkel defects: neutral and charged interstitial
oxygen atoms O;, as well as oxygen vacancies Vo (F-type color centers). Unlike the
latter, the former are not well studied yet.

In this study, we present results of periodic ab initio simulations on basic properties
and mobility of the charged and neutral oxygen interstitials using the CRYSTAL14
computer code. The defect geometries and migration energies, Mulliken atomic
charges and the electron density distributions for neutral and charged impurities are
compared. In all the cases, oxygen interstitials form the bonds with regular Al cations
in corundum lattice rather than occupy centers of octahedron consisting of six nearest
O,., anions as one could intuitively expect. The calculated migration energies are
compared with available experimental data.
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Zr UN Ti KONCENTRACIJAS VARIESANA PZT:
ELEKTRONISKAS STRUKTURAS APREKINI NO PIRMA JIEM
PRINCIPIEM

Aleksejs Gopejenko, Jurijs Zukovskis, Sergejs Piskunovs, Jevgenijs Kotomins
Latvijas Universitates Cietvielu Fizikas Institiits

PZT vai svina cirkonata titanats (Pb[Zr« Ti(1x)]O3), ir viens no visplasak izmantotiem
pjezoelektriskiem keramikas materialiem pasauleé pateicoties materiala plasa
pielietojuma spektram. Piemé&ram, Sos materialus pielieto ultraskanu parveidotajos,
keramiskas kondensatoros, sensoros, aktuatoros, MEMS — mikroelektromehaniskas
sistémas, atminas ierices, pretatstaroSanas parklajumos, elektro-optiskos modulatoros,
ka arT kosmiskas programmas (pateicoties radiacijas noturibai).

ST darba ietvaros ir veikta PZT modeld$ana no pirmajiem principiem izmantojot
CRYSTALI14 datorprogrammu, lai aprékinat materiala strukturalas un elektroniskas
ipasibas. Tika veikta vilpu funkciju bazu komplektu optimizacija, aprékinatas rezga
konstantes un elastigais modulis. Rezultati ir salidzinati ar citiem petijumiem.

PZT modelesana paredz Zr un Ti koncentracijas vari€Sanu, lai izpétit tas ietekmi uz
materiala strukturalas un elektroniskas ipaSibas. Atomu koncentracija tika varita
sekojoSiem vértibam: x = 0, 0.25, 0.5, 0.75, 1.

Petijums ir finansiali atbalstits Latvijas Universitates Cietvielu fizikas institiita
Studentu un Jauno zinatnieku projekta Nr. SJZ2015/11 ietvaros.

VARIATION OF Zr AND Ti CONCENTRATION IN PZT:
FIRST PRINCIPLES CALCULATIONS ON THE ELECTRONIC
STRUCTURE

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

PZT or lead zirconate titanate (Pb[Zrx Ti(1-x)]O3) is one of the most used piezoelectric
ceramic materials in the world due to its wide variety of the applications such as
ultrasonic  transducers, ceramic capacitors, sensors, actuators, MEMS -
microelectromechanical systems, storage devices, electro-optical modulators, as well
as in space programs, due to its radiation resistance.

In the framework of the project, the modelling of PZT is performed using
CRYSTALI14 computer code in order to perform the calculations of the structural and
electron properties. Basis set optimisation has been performed, and then lattice
constants and elastic moduli have been calculated. The results of the calculations are
compared with available research data.

PZT modelling foresees variation of Zr and Ti concentrations, which has been
performed in order to understand its influence on the structural and electron properties
of the material. The following values of the concentration were calculated: x = 0, 0.25,
0.5,0.75, and 1.

Financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZ2015/11 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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MOLEKULU ELEKTROKIMISKAS JONIZACIJAS ENERGIJAS UN
ELEKTRONTIEKSMES KVANTU KIMISKAS MODELESANAS METODES
IZVELE UZ RACIONALU APSVERUMU PAMATA

Igors Mihailovs'?, Martins Rutkis', Valdis Kamparsz, Baiba Turovska®
"Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas universitates Lietiskas kimijas institiits
3Latvijas Organiskas sintézes institiits

Molekulas jonizacijas potencials un elektrontieksme ir svarigi raksturlielumi, kas
jazina, lai veiksmigi konstru€tu organisko pusvaditaju ierices. Vienmer ir &rtak un
letak aplést Sos lielumus aprékinu, nevis eksperimenta cela. Izveloties starp aprékinu
metozu alternativam, ir jagem ve€ra gan precizitate, gan nepiecieSamais resursu
patérins, kas Tpasi svarigi struktiiru sijasanas uzdevumam.

Darba ar faktoru analizes metodeém tika novertéts, kuru aprékina parametru izvélei ir
ievérojama nozime kvalitativu rezultatu iegtisana. Konstatéts, ka adiabatiska joniza-
cijas potenciala aplései loti labi der orbitalu energiju pieeja, bet elektrontieksmei
noteikti jar€kina pilno energiju starpiba. Polarizacijas funkcijam uz H atomiem bazes
funkciju kopa ir maza nozime, savukart labums no diftizo funkciju ietversanas kopa
nav lielaks par labumu no papildu funkcijam valences rajona, kas prasa daudz mazaku
aprékina laika pat€rinu. Energijas aprékiniem péc attaluma dalitais hibridfunkcionalis
CAM-B3LYP ir piemerotaks par globalo hibridfunkcionali B3LYP, kas toties dod
piemérotakas geometrijas. Ir arkartigi svarigi ievérot S$kidinatdaja polariz&joso
iedarbibu, tostarp sp&ju veidot kompleksus ar H saiti, kas iev€rojami nepalielina
aprékina laiku.

SELECTION OF RATIONAL QUANTUM CHEMICAL COMPUTATION
METHOD FOR ELECTROCHEMICAL IONIZATION POTENTIAL AND
ELECTRON AFFINITY OF MOLECULES

Igors Mihailovsl’z, Martins Rutkisl, Valdis Kamparsz, Baiba Turovska®
!Institute of Solid State Physics, University of Latvia
*Institute of Applied Chemistry, Riga Technical University
’Latvian Institute of Organic Synthesis

Ionization potential and electron affinity are important properties of a molecule,
knowledge of which is essential for designing organic semiconductor devices. It is
always more convenient and less expensive to assess properties by calculation rather
than by experiment. Selection between alternative computational methods should be
based both on quality and resource consumption, especially for screening purposes.

In this work, factor analysis is used to indicate most important computational parame-
ters. It is found that orbital energy approach works well for describing adiabatic
ionization potential, but only total energy difference method is suitable to describe
electron affinity. Adding diffuse functions to basis set show less positive effect than
adding extra valence functions, what is far less resource-consuming; effect from
polarization functions on H atoms is marginal. Range-separated hybrid functional
CAM-B3LYP is appropriate to obtain energy, while global hybrid B3LYP produces
better geometries. Inclusion of solvent polarizing effect is found to be essential, along
with accounting for its ability to for H-bonded complexes, and on average this brings
no increase in computation time.
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Y-O KOMPLEKSU MODELESANA NO PIRMAJIEM PIRNCIPIEM
a-Fe MATRICA

Maksims Sokolovs, Jurijs Mastrikovs, Aleksejs Gopejenko,
Jurijs Zukovskis, Jevgenijs Kotomins
Latvijas Universitates Cietvielu fizikas institits

ODS (anglu: Oxide-Dispersion Strengthened) t€raudus ar Y,0O; piemaisijumiem ir
iespgjams izmantot ka strukturalo materialu nakotnes kodolu termiskas sintézes
reaktoriem. Tika veikti vairaki eksperementali t€raudu pétijumi, bet Y,03; nanodalinu
uzvediba pasa atomara Itment lidz galam nav saprasta.

Lai labak saprastu ODS dalinas veidoSanas procesa mehanizmus un kin&tiku, més
izdarTjam teorétisko model&Sanu.

Megs izmantojam DFT metodi, kas tika realizéta VASP datorkoda. Apré€kinu sakuma
stadija tika petiti Y-O kompleksi o-Fe matrica. Tika izpétitas vairakas konfiguracijas,
kas sastav no itrija un skabekla atomiem kombinacija vakanc€m. Aprékinu rezultata
iegiitie dati tiks izmantoti ka ievaddati talakam kin&tikas Monte Carlo simulacijam.

AB INITIO MODELLING OF Y-O COMPLEXES IN a-Fe MATRIX

Maksim Sokolov, Yuri Mastrikov, Aleksej Gepeenko,
Yuri Zhukovskii, Eugene Kotomin
Institute of Solid State Physics, University of Latvia

ODS (Oxide-Dispersion Strengthened) steels with Y,03; are promising materials for
structural applications in future nuclear fusion reactors. The great amount of
experimental research has been made so far. However, many details of the Y,O;
nanoparticles’ behaviour at the very atomistic level still remain unclear.

For better understanding of the mechanics and kinetics of the ODS particle formation
process we performed theoretical modelling

We applied DFT method, as implemented in the computer code VASP. The initial
step was to model the Y-O complexes in the a-Fe matrix. Various configurations of
yttrium and oxygen solute atoms, combined with vacancies were investigated.
Acquired from these calculations data will be used as an input for the further kinetic
Monte Carlo simulations.
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VALSTS PETIJUMU PROGRAMMAS IMIS* OTRA POSMA REZULTATI:
SASNIEGTAIS UN IZAICINAJUMI

Andris Sternbergs
Latvijas Universitates Cietvielu fizikas institits

Ir veiksmigi noslédzies Valsts pétijumu programmas ‘“Daudzfunkcionalie materiali un
kompoziti, fotonika un nanotehnologijas IMIS™” (2014 — 2017) otrais posms.
Cetru Programmas IMISzprojektu:

- "Fotonika un materiali fotonikai";

- "Nanomateriali un nanotehnologijas";

- "Nanokompoziti";

- “Nanomateriali un nanotehnologijas medictniskam pielietojumam”,
izpildeé sadarbiba piedalas Cetru UniversitaSu un seSu zinatnisko Institiitu vairak ka
120 zinatnu doktori un 60 doktoranti.
Biitiskakie Programmas IMIS? rezultati un problémas tiks diskutétas Saja un
sekojosas Cetras projektu vaditaju prezentacijas.

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

Andris Sternberg
Institute of Solid State Physics, University of Latvia

It’s my pleasure to report on successfully completed the second period of the National
Research Programme "Multifunctional materials and composites, photonics and
nanotechnology - IMIS™" (2014-2017).
All four projects of IMIS? Programme:

“Photonics and materials for photonics”;

“Nanomaterials and nanotechnology”;

“Nanocomposites”;

“Nanomaterials and nanotechnologies for medical applications”,
are performed by more than 120 doctors and 60 PhD students from four Universities
and six scientific Institutes.
The most significant results of the program IMIS” and challenges will be discussed in
this as well as in the following four presentations by project leaders.
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VPP IMIS? PROJEKTS: 1. FOTONIKA UN MATERIALI FOTONIKAI

Martins Rutkis
Latvijas Universitates Cietvielu Fizikas institits

Projekta ietvaros tiek veikti gan fundamentalie, gan lietiSkie petfjumi, kuri versti uz
jaunu originalu fotonika izmantojamu materialu un iericu izveidi. Tie saistiti ar visam
cetram fotonikas pamatjomam:

e gaismas generéSanu (projekta: luminiscentie gaismas avoti);

e gaismas detekteéSanai (projekta: dazadu argjo iedarbibu sensori, saules

baterijas);

e gaismas plusmu vadiSanai (projekta: holografija, elektrooptiskie modulatori);

e gaismas parveidoSanai (projekta: efektivi luminofori un lazeru materiali).
Piedavataja referata tiks apkopoti projekta 2. etapa sasniegtie rezultati un prezentets
darba plans projekta 3. etapam.

NRP IMIS? PROJECT: 1. PHOTONICS AND MATERIALS FOR
PHOTONICS

Martins Rutkis
Institute of Solid State Physics of University of Latvia

Within the framework of project basic and applied research is carried out with aim to
develop novel materials and devices for photonic applications. Research covers all
four basic tasks of photonics:

o light generation (in project: luminescent light sources);

e light detection (in project: sensor applications, solar cells );

¢ light manipulation (in project: holography, electro-optical modulators);

e light conversion (in project: effective luminophores and laser materials).
Proposed report will cover summary of achievements in project 2™ stage and discuss
work plan for 3" stage of the project.
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STARPMEZGLU SKABEKLA UN HLORA PIEMAISIJUMU
DETEKTESANA AMORFA SiO; AR LUMINISCENCES METODEM
Linards Skujal, Koichi Kajiharaz, Krisjanis §mitsl, Andrejs Silir,lél, Hideo Hosono®

"Latvijas Universitates Cietvielu fizikas institiits
? Tokijas Metropoles Universitate
*Tokijas Tehnologiskais institiits

Amorfa SiO; (a-SiO,) struktiiru veido virsotngs savienoti SiO, tetraedri. Arpus tiem
esosas "starpmezglu” telpas ir ievérojami lielakas ka kristaliskajos SiO, polimorfos.
Tajas var novietoties nelielas gazu molekulas, kuras tur tiek ar noltku ievaditas (piem.,
H; - aizsardzibai pret solarizaciju), veidojas materiala sintézes laika, oksidg&jot SiCly
(Ozun Clp), vai nokliist no apkartgjas vides (O,, H,O, Ny).

Hlora piemaisijumi a-SiO; ir nevélami, pasliktinot materiala optiskas paSibas. Starp-
mezglu Cl, dod absorbcijas joslu pie 3.8 eV, turklat Cl klatbiitne samazina optisko
Skiedru noturibu pret UV gaismu un joniz&joSo radiaciju.

Saja darba paradits, ka tuvaja infrasarkanaja diapazona, paraléli starpmezglu O,
fotoluminiscences (FL) detekt&Sanas tehnikai (0.976 eV josla) ir iesp&jams ar augstu
jutibu detektét ari Cl, molekulas. Pie T<160 K a-SiO, novérota FL josla ar
maksimumu 1.27 £0.04 eV, fwhm 0.4 eV un dzives laiku 7 ms pie T=13K. FL spektra
ir novérojama raksturiga svarstibu progresija ar >10 apaksjoslam, kuru savstarpgjie
attalumi mainds mazo energiju virziend no 520 1idz 490 cm™. S ipasiba lauj nove-
roto luminiscenci viennozimigi attiecinat uz starpmezglu Cl, molekulam. Var novér-
tét, ka ar tas palidzibu iesp&jams detektét a-SiO, <10 Cl, piemaistjumu uz 1 cm’.

DETECTION OF INTERSTITIAL OXYGEN AND CHLORINE IN
AMORPHOUS SiO; BY LUMINESCENCE TECHNIQUES.

v e

Linards Skujal, Koichi Kajiharaz, Kr1SJams.Smitsl, Andrejs Silins!, Hideo Hosono®
'Institute of Solid-State Physics, University of Latvia.
? Tokyo Metropolitan University
Tokyo Institute of Technology

Amorphous SiO, (a-SiO;) consists of vertex-connected SiO, tetrahedra. The
interstitial sites outside them are much larger in a-SiO, compared to the crystalline
polymorphs of SiO,. They can accommodate small gas molecules, either intentionally
loaded (e.g., H; to prevent UV-solarization), or left from manufacturing processes by
oxidizing SiCly (Cl,, Oy), or entering from environment (H,O, O,, N»).

Chlorine impurities are detrimental to optical properties of a-SiO,. Interstitial Cl,
gives rise to absorption band at 3.8eV and increases damage to optical fibers by UV-
light (solarization) or by ionizing radiation.

The present work shows that in the near-infrared region, alongside the
photoluminescence (PL) detection of interstitial O, (0.976 eV band), a high sensitivity
detection of interstitial Cl, molecules in SiO, is possible. At T<160 K a PL band at
1.27+0.04 eV, fwhm=0.4 eV and lifetime 7ms at T=14 K was observed. The PL
spectrum shows a characteristic vibrational progression with >10 sub-bands with
separations decreasing from 520 to 490 cm™ towards lower energies. This feature
allows to assign this PL band unambiguously to interstitial Cl,. Estimate shows that
concentrations less than 10" C12/cm3 can be easily detected.

This work was supported by Latvian government research program IMIS? and by
Latvian Science Council grant 302/2012.
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ZEMANA KOHIVEREN(VZU KVANTU MEHANISKA APRAKSTA
PILNVEIDOSANA UN MAGNETO-OPTISKO SIGNALU
EKSPERIMENTALIE PETIJUMI RUBIDIJA UN CEZIJA ATOMOS

Marcis Auzins, Andris Bérzins, Ruvins Ferbers, Florian Gahbauers, Uldis Kalnins,
Linards Kalvans, Arttirs Mozers
Latvijas Universitates Lazeru centrs

Precizs magnetooptisko rezonanSu formas apraksts atomos ir sarezgits uzdevums
gadijumos, kad galvenais relaksacijas mehanisms ir sadursmes un kad magnétisko
apaks]imenu krusto$anas nenulles magnétiskaja lauka notiek pie lazera jaudam, kas
atbilst nelinearas absorbcijas nosacijumiem. PEtjjumu cikla tika izmantotas jaunas
pieejas, lai pilnveidotu So procesu teorétiskos aprakstus un apstiprinatu tos ar
eksperimentaliem rezultatiem, tadejadi laujot butiski uzlabot vaju magnétisko lauku
merjjumu precizitati.

Lai precizi aprakstitu signalus bija nepiecieSams papildinat teorétisko modeli,
uzlabojot sadursmju efektu aprakstu, ka arT uzlabojot atomu caurlidoSanas relaksacijas
aprakstu lazera stara. CaurlidoSanas relaksacijas apraksta uzlabojumi kluva par
stirakmeni rezonanSu formas preciza apraksta izveidoSana, augstu lazera jaudas
blivumu izmantoSanas gadijjuma. Tas savukart lava detalizéti aprakstit atomu
mijiedarbibu ar visplasak izmantoto — Gausa jaudas sadalifjuma profila lazera staru.
Teoréetiskais modelis tika izmantots, lai aprakstitu arT loti jutigo izkartoSanas pareju uz
orientaciju. Visos tris gadijumos tika iegiiti augstas precizitates eksperimentalie
signali Rb vai Cs atomos, kas apstiprinaja teorétiska modela precizitati.

ADVANCEMENT OF QUANTUM MECHANICAL DESCRIPTION OF
ZEEMAN COHERENCES AND EXPERIMENTAL STUDIES OF MEGNETO-
OPTICAL SIGNALS IN RUBIDIUM AND CESIUM ATOMS

Marcis Auzinsh, Andris Berzins, Ruvins Ferber, Florian Gahbauer, Uldis Kalnins,
Linards Kalvans, Arturs Mozers
Laser Centre, The University of Latvia

Precise description of atomic magneto-optical resonance shapes is a complicated task
in cases when the dominant relaxation mechanism of atoms are collisions and when
magnetic sublevel crossings take place at nonzero magnetic field at laser power
densities that fulfill the nonlinear absorption conditions. In a series of performed
studies we developed an advanced theoretical approach to these problems, and the
theoretical calculations were confirmed by the obtained experimental results, thus
allowing to improve the accuracy of weak magnetic field measurements.

In order to describe accurately the experimental signals we expanded the theoretical
model by adding a more accurate treatment of collisions with the walls and clarifying
the role of transit relaxation effects in moving through the laser beam. The
development of the transit relaxation description became a cornerstone for a major
improvement of resonance signal shape treatment at high laser radiation power. This
allowed us to describe in detail the interaction between the atoms and the most
commonly used laser beam with Gaussian power distribution profile. The theoretical
model was also used to describe the very sensitive alignment to orientation conversion
effects. In all three cases the experimental signals in Rb or Cs atoms were used as a
stringent test that verified the theoretical model.

The financial support of Latvian State Research Programme (VPP) project IMIS? is greatly
acknowledged.
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JAUNU FUNKCIONALO FRAGMENTU IZSTRADI? MOLEKULARU UN
DENDRIMERA TIPA ORGANISKO STIKLU IEGUSANAI NLO UN CITU
FOTONIKAS VIRZIENU VAJADZIBAM

Kaspars Traskovskis', Valdis Kokars', Andrejs Tokmakovs, Martin$ Rutkis®
'Rigas Tehniskas universitates Lietiskas kimijas institiits
Latvijas Universitates Cietvielu fizikas institiits

Peédgjas desmitgad€s organisko savienojumu pielietojums dazados fotonikas virzienos
ir strauji pieaudzis. ST interese pamatojama ar virkni faktoru. Dotie materidli spgj
uzradit augstakus veiktsp€jas parametrus vai paver jaunus pielietojuma virzienus
salidzindgjuma ar tradicionalajiem neorganiskajiem savienojumiem. Tiem
pielietojamas Skidumu tehnologiskas apstrades metodes, kas lauj samazinat iekartu
razoSanas izmaksas.

Petijuma laika tika izstradati jauni organisko savienojumu strukturdlie fragmenti
fotonikas vajadzibam. Uz trifenilmetana bazes tika iegtita virkne savienojumu, kas
izmantojami ka modulari biivbloki stiklveida fazi veidojoSu un ar §kiduma metodem
apstradajamu materialu iegiSanai. legiitie savienojumi pielietojami nelinearaja optika
(NLO), jo apjomigie trifenilmetil- aizvietotdji samazina dipolu sadarbibu starp
polarajam hromoforu molekulam un atvieglo polaras kartibas iegtsanu. Tika
izstradats jauns elektronakceptorais fragments: 1,3-bis(dicianometilidén)indan-5
karbonskabe, kas paplasina NLO hromoforu sintézes strukturalas pieejas un kam
raksturiga negaidita stereoselektiva reagétspgja.

DEVELOPMENT OF NEW FUNCTIONAL FRAGMENTS FOR SYNTHESIS
OF MOLECULAR GLASSES AND DENDRIMERS FOR USE IN NLO AND
OTHER PHOTONIC APPLICATIONS

Kaspars Traskovskisl, Valdis Kokarsl, Andrejs Tokmakovsz, Martins Rutkis’
!Institute of Applied Chemistry, Riga Technical University
?Institute of Solid State Physics, University of Latvia

During the last decades the use of organic materials in different fields of photonics
has rapidly increased. This can be attributed to several factors. The materials can
potentially increase performance characteristics or can show new properties if
compared to traditional inorganic compounds. The applicable solution-processing
techniques can significantly reduce the cost of device manufacturing.

During the research new organic structural fragments were developed for the needs of
photonics. A series of triphenylmethyl based compounds was acquired that can be
used as modular building blocks to acquire solution-processable molecular glasses.
This approach results in materials that can be used in nonlinear optics (NLO), as
bulky triphenyl groups shield dipolar interactions of polar chromophores and help to
attain the polar order. A new electron acceptor fragment, 1,3-bis(dicyanomethylidene)
indane-5-carboxylic acid, was developed. This compound widens the possible design
choices of NLO chromophores and shows unexpected stereoselective reactivity.

This work has been supported by the Latvian State Research Program on
Multifunctional Materials IMIS.
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VPP IMIS? 2. PROJEKTS: NANOMATERIALI UN NANOTEHNOLOGIJAS

Anatolijs Sarakovskis
Latvijas Universitates Cietvielu fizikas institiits

Projekta mérki ir radit pasaules Iimena zinaSanas inovativo un uzlaboto materialu,
viedo tehnologiju jomas, kas dod ieguldijumu tautsaimniecibas problému risinasana
un iesp&ju konkurétspejigu produktu radisanai.

Projekta uzdevumi:

1.

2.

Radit un izpétit jaunus, pielietojamus un konkur&tsp&jigus plano (nano) slanu
parklajumus taja skaita graféna nanoslanu iegtiSanu un pielietoSanu.

Radit un izpétit jaunus, pielietojamus un konkur€tsp€jigus nanomaterialus un
to pielietojumu nanotehnologijas.

Radit un izpétit jaunus, pielietojamus un konkurétspgjigus kvantu punktus un
nanovadus elektroluminiscentiem gaismas avotiem.

Radit un izpétit nanokompozitu  materialus augsti efektiviem
termoelektriskajiem generatoriem nelietderigi zaudétas siltumenergijas
rekuperacijai.

Zinojuma tiks pastastits par projekta sasniegtajiem rezultatiem un planiem 3. posmam.

NRP IMIS® 2. PROJECT: NANOMATERIALS UN NANOTECHNOLOGY

Anatolijs Sarakovskis
Institute of Solid State Physics University of Latvia

The targets of the project are to achieve a world-class knowledge of innovative and
advanced materials, smart technologies that contribute to the economic challenges and
opportunities to create competitive products.

The tasks of the project are:

1.

Synthesize and investigate properties of innovative, functional and
competitive thin films (nanolayers) including synthesis and application of
graphene;

Synthesize and investigate properties of innovative, functional and
competitive nanomaterials and their application in nanotechnology;

Synthesize and investigate properties of innovative, functional and
competitive quantum dots and nanowires for efficient electroluminescent light
sources;

Synthesize and investigate properties of innovative nanocomposite materials
for harvesting of waste energy in high performance thermoelectric generators

In the presentation the achievements of the scientific groups invovled in the
realization of the project will be reported and tasks in the workplan for the 3rd stage
will be discussed.
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FAZU PAREJA Cu;N PIE AUGSTA SPIEDIENA

Alexei Kuzmins, Andris Anspoks, Aleksandr Kalinko, Janis TimosSenko, Lucie Natafz,
Francois Baudelet®, Tetsuo Irifune’
'Institute of Solid State Physics, University of Latvia
2Synchrotron SOLEIL, I'Orme des Merisiers, Saint-Aubin
’Geodynamics Research Center, Ehime University

Vara nitrids (CuzN) ir piesaistijis uzmanibu, jo ta iesp&jamo pielietojumu ka materialu
optiskaja un pretestibas atmina, optiskaja litografija, spintronika, ka ar1 pielieto$anai
saules energijas parveidotajos.

CusN piemit anti-ReOj tipa struktiira, kuru veido NCug oktaedri. Sada struktiira un
vara nitrida zema sadaliSanas temperatiira (600-800 K) norada uz fazu parejas iesp&ju
pie augsta spiediena [1-3].

Saja darba m@s izmantojam Cu K-malas rentgenabsorbcijas spektroskopiju, lai
izpetitu CusN lokalas struktiiras izmainas pie augsta (Iidz 27 GPa) spiediena. Miisu
rezultati apstiprina fazu parejas esamibu virs 5 GPa, bet nesakrit ar darbu rezultatiem
[2-3] par augstspiediena fazes veidu.

HIGH-PRESSURE PHASE TRANSITION IN Cu3N

Alexei Kuzmin, Andris Anspoks, Aleksandr Kalinko, Janis Timoshenko, Lucie Nataf”,
Francois Baudelet®, Tetsuo Irifune’
'Institute of Solid State Physics, University of Latvia
2Synchrotron SOLEIL, I'Orme des Merisiers, Saint-Aubin
*Geodynamics Research Center, Ehime University

Copper nitride (CusN) has attracted much attention due to its possible use in optical
lithography/metallization layers, resistive random-access memory, spintronic devices,
write-once read-many optical storage media and solar absorber material.

CusN crystallizes in the anti-ReOj3 type structure with the open framework built up of
NCug octahedra. Such structure and copper nitride low decomposition temperature
(600-800 K) indicate on the possibility of pressure induced modifications [1-3].

Here we present the results of room-temperature pressure-dependent (up to 27 GPa)
Cu K-edge x-ray absorption spectroscopy study of local atomic structure in CusN.
Our results confirm the occurrence of transition above 5 GPa, but disagree with the
results of Refs. [2-3] on the type of high pressure phase.

[1]]. G. Zhao, et al., Phys. Stat. Sol. (b) 243 (2006) 573.

[2] A. Wosylus, et al, Z. Anorg. Allg. Chem. 635 (2009) 1959.
[3] J.G. Zhao, et al, Solid State Commun. 150 (2010) 1521.
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NANOSTRUKTURETI BISMUTA HALKOGENIDI KA TOPOLOGISKI
IZOLATORI UN TERMOELEKTRISKI MATERIALI

Donats Ertsl'z, Jana Andie‘mel, Gunta Kunakoval, Margarita Baitimiroval’z, Jelena Kosmaéal,
Floriana Lombardi’
! Kimiskas fizikas institits, *Kimijas fakultate, Latvijas Universitate
Mikrotehnologijas un nanozinatnes fakultate, Calmera Tehnologiska universitate

Bismuta halkogenidi (Bi;Te; un Bi,Ses) ir slanveida pusvaditaji ar Sauru aizliegto
zonu, kuriem piemit gan termoelektriskas, gan topologiska izolatora (TI) Ipasibas. Sie
materiali sastav no saistitiem kopa ar van der Valsa spekiem elektriski neitraliem
slaniem, kur katru slani veido piecas kovalenti saistitas atomu loksnes.
Nanostruktrétiem bismuta halkogenidiem novéroti palielinats topologiska izolatora
efekts, ka art uzlabojas termoelektriskas 1paSibas.

Darba tika izstradata divpakapju bezkatalizatora tvaiku nogulsnéSanas metode
kristalisku BiySes un BiyTe; nanostruktiru (nanoplaksniSu un nanovadu) sintezei.
Sintez€to struktiru TI TpasSibas tika petitas ar zemo temperatiiru magnetotransporta
mérfjumiem [1]. Termoelektriskiem mé&rfjumiem tika veidotas Bi,Ses un graféena/ITO
elektrodu struktiiras, noteiktas elektrovadosas un opto-/termoelektriskas Tpasibas.

Atslégvardi: BiyTes, BixSes nanostructures, topological insulators, termoelektriki.

1. J. Andzane, et al. Nanoscale, 7, 15935, 2015

NANOSTRUCTURED BISMUTH CHALCOGENIDES AS TOPOLOGICAL
INSULATORS AND THERMOELECTRIC MATERIALS

Donats Ertsl’z, Jana Andzanel, Gunta Kunakoval, Margarita Baitimiroval’z, Jelena Kosmacal,
Floriana Lombardi’
!Institute of Chemical Physics, *Department of Chemistry, University of Latvia
Department of Microtechnology and Nanoscience, Chalmers University of Technology

Bismuth chalcogenides (Bi;Tes and Bi,Se;) are layered narrow band gap
semiconductors having both thermoelectric and topological insulator (TI) properties.
These materials consist of bonded together by van der Waals forces charge-
neutralized layers, where each layer is formed by five covalently bonded atomic
sheets. Nanostructured bismuth chalcogenides exhibit more enhanced topological
insulator effect, as well as improved thermoelectric properties.

During this work, two-stage catalyst free vapour-solid method for synthesis of
crystalline Bi,Ses and Bi,Te; nanostructures (nanoplates and nanowires) is developed.
Topological insulator properties of the synthesised structures were investigated by the
magneto transport characterisation performed at low temperatures [1]. For the
thermoelectric study, combined structures of Bi,Se; and graphene/ITO electrodes
were prepared, and their electric properties and opto-/thermoelectric properties were
determined.

Keywords: Bi;Te;, BixSe 3, nanostructures, topological insulators, thermoelectrics

1. J. Andzane,et al. Nanoscale, 7, 15935, 2015
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STABILIZETA CIRKONIJA DIOKSIDA NANODALINU SINTEZE UN
PARSTRADE NANOMATERIALOS

Janis Grabisl, Dzidra Jankovica, Ints gteinsl, KriSjanis §mits2, Mara Lubane'
'Rigas Tehniska universitate Neorganiskas kimijas institiits
’Latvijas Universitate Cietvielu fizikas institiits

Stabilizéts cirkonija oksids rod lietojumu cieto elektrolitu, katalizatoru, saules bateriju,
augsttemperatiiras materialu izveideé. Tomeér ta Tpasibas un lietojums ir atkarigi no
dalinu izmé&riem, aktivitates, fazu sastava, ko nosaka sintézes metode.

Petijuma attistitas perspektivas ar itriju (YSZ) un ceriju (CSZ) stabilizéta ZrO;
nanodalinu sintézes metodes — kaus€to salu (MS) un mikrovilpu sintézes (MW)
metodes no salu Skidumiem. MW sintézi veica 150-190 °C temperatiira 2 stundas,
MS sintézi — 400-800 °C temperatiira 2 stundas.

Ar abam metodém iegiitas t-ZrO, un c-ZrO, nanodalinas, kuru 1patngja virsma 90—
146 m2/g un kristalitu izmeéri 4-14 nm.

Nanodalinu sablivéSanas dzirkstsizlades plazmas iekarta (SPS) sakas 850 °C
temperattird, un 1300 °C temperatiira materials sasniedza maksimalo blivamu (96—
98%) atkariba no nanodalinu ieguves veida.

STABILIZIED ZIRCONIA NANOPARTICLES: SYNTHESIS AND
DENSIFICATION
Janis Grabis', Dzidra Jankoviéa, Ints Steins', Kri§janis Smits®, Mara Lubane'
'Riga Technical University Institute of Inorganic Chemistry
’Latvian University Insitute of Solid State Physics

Stabilizied zirconia nanoparticles due to their unique properties find application as
solid electrolytes, gas sensors, catalysts, high-temperature corrosion resistant
materials.

The aim of present work was comparison of properties and sinterability of stabilizied
ZrO, prepared by molten salts (MS) and microwave (MW) synthesis using Zr or Ce
salts as precursors. The MW synthesis was carried out in a Masterwave BTR, Anton
Paar apparatus by heating salts solution at temperature in the range of 150-190 °C
during 20 min. The MS synthesis was carried out by heating mixture of the precursors
at temperature in the range of 400-800 °C during one or two hours.

The prepared by the both methods YSZ crystalline nanoparticles containing 3 mol%
Y,0s0r 10 mol% CeO; consisted from t-ZrO, and c-ZrO, phase. The specific surface
area of the nanoparticles prepared by MS and MW synthesis was in the range of
124-146 m?/ g and 90-117 mz/g respectively in dependence on the synthesis
parameters. Crystallite size of nanoparticles was in the range of 4—14 nm.

The prepared samples were densified by using spark plasma sintering (SPE-825-CE,
SPS Syntex Inc.). Densification of YSZ and CSZ nanoparticles started at 850 °C and
samples with finegrained microstructure with relative density of 98 and 96%
respectively were obtained at 1300 °C. YSZ nanoparticles prepared by MS process
had better sinterability with respect to CSZ nanparticles prepared by MW process.
The research was supported by Latvian National Research Program IMIS?.
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3. PROJEKTS: NANOKOMPOZITU MATERIALI

Janis Zice'msl, Remo Merijs Meril, Maris Knitez, Zenija Roja3, Juris Jansons*
]Rl_gas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultates
Polimérmaterialu institiits
2Rl_gas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultates Tehniskas
fizikas institits
I Latvijas Universitates Kimijas fakultdte
*Latvijas Universitates Materialu Mehanikas institiits

Valsts pétijumu programmas IMIS? 3. projekta 2. posma ietvaros izvértéta atsevisku
tehnologisko faktoru ietekme uz biodegradablu polim&ru nanokompozitu struktiiru un
Ipasibam, istenoti pétijumi par poliméru kompozitmaterialu izstradi uz nolietota
polietilentereftalata bazes, veikti pé€tijumi par polioksimetiléena matricas
nanokompozitu strukttiru un atseviskam ekspluatacijas Ipasibam, veikti petjjumi par
pjezopermitivitates efekta palielinasanas iesp&jam poliméru nanokompozitu paraugos,
izgatavots mehanisko svarstibu energijas savacgja prototips, pétitas iepriek§gja etapa
iegiito reduceto graféna oksidu saturo$o poliméra nanokompozitu Tpasibas, turpinats
stradat pie orientetu nanodalinu/poliméru kompozitu iegtiSanas metozu pilnveidosanas,
noskaidrotas arm&juma efektivitates paaugstinasanas iesp&jas polim€ru matricas
nanokompozitos, pétitas ilglaicigas Slides prognozeSanas iesp&jas pec paatrinato
parbauzu rezultatiem, veikti petijjumi par oglekla nanopildvielu funkcionalizeéSanas
iespgjam, ka ari izstradati hibridkompoziti uz tioféna, oglekla nanocauruliSu un
termoplastisku polim&ru matricu bazes.

382 PROJECT: NANOCOMPOSITE MATERIALS

Janis Zicans', Remo Merijs Meri', Maris Knite?, Zenija Roja3, Juris Jansons*
!Institute of Polymer Materials, Faculty of Material Science and Applied Chemistry, Riga
Technical University
*Institute of Polymer Materials, Faculty of Material Science and Applied Chemistry, Riga
Technical University
Department of Chemistry, University of Latvia
* Institute for Mechanics of Materials, University of Latvia

During the 2 stage of implementation of the 31 Project within the National Research
Program IMIS? influence of the selected technological factors on the structure and
properties of biodegradable polymer nanocomposites is evaluated, investigations
about the development of the composite materials based on recycled polyethylene
terephthalate are performed, structure and selected exploitation properties of
polyoxymethylene based nanocomposites are researched, investigations about
increment of piezopermittivity effect in the polymer nanocomposite samples are
performed, prototype for mechanical vibrations energy harvesting is developed,
properties of the polymer nanocomposites, containing reduced graphene oxide,
obtained in the previous stage of the project, are investigated, improvement of the
methods for manufacturing of oriented nanoparticles reinforced polymer composites
is continued, prediction possibilities of long-term creep characteristics from the short-
term experiments is evaluated, investigations about functionalization capabilities of
carbon nanofillers is evaluated, as well as hybrid composites on the bases of tiophene,
carbon nanotubes and thermoplastic polymer matrices are developed.
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POLIMERU NANOKOMPOZITU DIZAINS: IEGUSANA, PARSTRADE,
PIELIETOJUMI

Remo Merijs Meri, Janis Zicans, Tatjana Ivanova, Skaidrite Reihmane, Aina Bernava,
Juris Bitenieks, Riita Saldabola, Rita Bérzina, Velta Tupureina, Inese Meija, Agnese Abele
Rigas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultates
Polimérmaterialu institiits

Pétijuma cikla ietvaros veikta dazadu polimeru matricu nanokompozitu iegiisana, ka
ar to struktiras un atseviSku ekspluatacijas TpaSibu izvert€Sana atkariba no
nanopildvielas veida, organomodifikatora klatbiitnes, tehnologiskajiem iegtiSanas
parametriem. Noskaidrota iegtiSanas temperatiiras un frikcijas pakapes ietekme uz
biodegradablu termoplastiskas cietes nanokompozitu ar slagaino silikatu nanodalinam
strukttiru, ka arT mehaniskajam un barjeras Tpasibam. Veikti petijumi par modific€tas
oglekla nanopildvielas ietekmi uz termoplastisko elastoméru nanokompozitu strukttru,
ka ar elektriskajam, mehaniskajam un termiskajam TpaSibam. Vienlaicigi izvertéta
oglekla nanopildvielas ietekme uz termoplastisko elastom@ru nanokompozitu izturibas
pret ultravioleta starojuma iedarbibu uzlaboSanu. Veikts plaSs pétijumu cikls par
anizoodiametrisku nanodalinu ietekmi uz polioksimetiléna nanokompozitu struktiiru,
ka ar atseviskam ekspluatacijas 1pasibam un novertétas $adu sistemu praktiskas
pielietosanas iesp&jas. Istenota ari kompozitmaterialu izstradde uz nolietota
polietilentereftalata un dabas Skiedru bazes, izvertgjot ieglito hibridsistému struktiiru
un Tpasibas nolika rast pielietojumu filtrelementu izstradei.

Petijums finansiali atbalstits no Valsts pétijumu programmas Daudzfunkclonalie
Materiali un kompozitl, fotonika un nanotehnologijaS (IMIS?) lidzekliem

POLIMERU NANOKOMPOZITU DIZAINS: IEGUSANA, PARSTRADE,
PIELIETOJUMI

Remo Merijs Meri, Janis Zicans, Tatjana Ivanova, Skaidrite Reihmane, Aina Bernava,
Juris Bitenieks, Riita Saldabola, Rita Bérzina, Velta Tupureina, Inese Meija, Agnese Abele
Rigas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultates
Polimérmaterialu institiits

The effects of nanofiller type, organomodifier and technological parameters of
manufacturing on the structure and selected exploitation properties of various polymer
matrices based nanocomposites are evaluated. The effects of manufacturing
temperature and friction on the structure, as well as mechanical and barrier properties
of biodegradable thermoplastic starch nanocomposites with layered silicate
nanoparticles are revealed. The influence of the content of modified carbon nanofiller
on the structure as well as electrical, mechanical and thermal properties of
thermoplastic elastomer based nanocomposites is demonstrated. Simultaneously the
influence of the content of organically modified carbon nanofiller on the improvement
of the resistance to ultraviolet irradiation of thermoplastic elastomere nanocomposites
is evaluated. Broad investigation cycle about structure and certain exploitation
properties of anisodiametric nanofillers reinforced polyoxymethylene nanocomposites
is also carried out and application possibilities of such nanocomposites are evaluated.
Development and characterization of composite materials on the bases of post-
consumer polyethylene terephthalate and natural fibers is also carried out in order to
evaluate it applicability for development of specific filtration materials.

Funding of the research by National Research Programme MultIfunctional Materials
and composltes, photonicS and nanotechnology (IMIS?) is acknowledged.
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ELASTOMEI%A NANOKOMPOZITA PJEZOPERMITIVITATES EFEKTA
PIELIETOSANAS IESPEJAS ELEKTROSTATISKAJOS ENERGLJAS
SAVACEJOS

Juris Blims, Kaspars Ozols, Maris Kanite,
Rigas Tehniska Universitate, Materialzindtnes un lietiskas kimijas fakultate,
Tehniskas fizikas institiits

Saja darba tiek pétitas poliméra un nanostrukturéta oglekla kompozita izmanto$anas
iesp&jas  elektrostatisko  energijas  savacju  veiktspéjas  paaugstinasanai.
Elektrostatiskajos energijas savac€jos mehanisko svarstibu energija tiek parveidota
elektriskaja, izmantojot uzladéta kondensatora elastom&ra izolatora kartinas
deformaciju. Sprieguma paaugstinasanai elastoméra deformacijas del ta dielektriskai
caurlaidibai (DC) ir jasamazinas stiepes deformacijas gadijuma.

Kondensatora paraugi ar elastom@ra nanokompozita kartinu tika izveidoti no
poliizopréna, elektrovadosam oglekla nanodalipam un misipa elektrodiem.
Eksperimentali tika noveérots, ka spiedes un stiepes deformacijas apstaklos
nanokompozita DC samazinas. Tika arT novérots, ka DC izmainas atrums nav vienads
stiepes un spiedes deformacijam. DC izmainas raksturs liecina par komplekso
paradibas mehanismu nanokompozita slani.

APPLICATION OF POLYMER/NANOSTRUCTURED CARBON
COMPOSITES FOR ELECTROSTATIC ENERGY HARVESTERS

Juris Blums, Kaspars Ozols, Maris Knite
Institute of Technical Physics, Faculty of Material Science and Applied Chemistry, Riga
Technical University, Riga, Latvia

In this work the improvement of an efficiency of electrostatic harvesters by using
polymer/nanostructured carbon composites (PNC) is investigated. In electrostatic
harvesters the energy of mechanical oscillations is conversed into electrical energy
through deformation of an insulator (dielectric) layer between plates of a charged
capacitor. To increase the change of voltage during the deformation of dielectric layer
between capacitor plates, its dielectric permittivity should decrease with tensile
deformation.

Capacitor samples containing PNC dielectric layer were elaborated from
polyisoprene, electroconductive carbon nanoparticles and brass electrodes.Tensile and
compressive deformation measurements conducted on PNC samples showed, that
under tensile and compressive deformation dielectric permittivity of the PNC
composite is decreasing. It was also found, that the character of dielectric permittivity
changes for both - tensile and compressive deformation - is different. The change of
dielectric properties observed indicates about complex processes taking place in the
PNC dielectric layer.

The financial support of National Research Program Multlfunctional Materials and
composltes, photonicS and nanotechnology (IMIS?) (2014 - 2017) is greatly
acknowledged.
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ELEKTRQVADOgU TERMOPLASTISKO NANOKOMPOZITU IZSTRADE
AR JONU SKIDRUMU FUNKCIONALIZETAM J)AUDZSLANU OGLEKLA
NANOCAURULITEM UN TO IPASIBU IZPETE

Ingars Reinholds', Zenija Rojal, Janis Zicans®, Remo Merijs Meri’
"Latvijas Universitates Kimijas fakultate
’Rigas Tehniskas universitates Polimérmateridlu institiits

Oglekla nanoppildvielas saturosi termoplastisko poliméru kompozitmateriali tiek
pétiti mehanisko sensoru un nosédelementu izstradeé. Jonu Skidrumu pielietojums
kompoziciju izstradé lauj uzlabot oglekla pildvielu izkliedi polimé&ra matrica un
uzlabot materiala TIpaSibas. Darba gaitd izstradata ultrasonific€Sanas metode
elektrovadoSu termoplastisko polim&ru (etiléna-okténa kopoliméru — EOK ar okténa
saturu 38 %) nanokompoziciju izveidei no EOK koncentratiem ar daudzslanu oglekla
nanocaurulittm (ONC), kas modificétas ar heksadecilimidazolija jonu Skidrumu
(ONC-f-JS). Izveidoto kompoziciju mehanisko, termisko un dielektrisko ipasibu
izpete veikta plasa pildvielas diapazona (ONC-f-JS saturs 0-15%). Elastibas modulis
kompozicijam ar pildvielas saturu 0.5-15 m.% mainas robezas no 12 lidz 24 MPa, bet
trukSanas pagarinajums no 1000 lidz 810 %. Ir konstatgts, ka sagrausanas sprieguma
un deformacijas Tpasibu raditaji STm kompozicijam ir 1.5-2 reizes augstaki neka EOK
ar nemodificétim ONC. Elektrovaditsp&ja kompozicijam pieaug no 9.85 x 10" S/cm
I1dz 3.95 x 10 S/cm, palielinoties J S-f-ONC saturam no 0 1idz 15 m.%.

DEVELOPMENT OF CONDUCTIVE THEMOPLASTIC
NANOCOMPOSITES WITH IONIC LIQUID FUNCTIONALIZED MULTI-
WALLED CARBON NANOTUBES AND ASESSMENT OF THEIR
PROPERTIES

Ingars Reinholds', Zenija Roja', Janis Zicans®, Remo Merijs Meri’
'Department of Chemistry, University of Latvia
*Institute of Polymer Materials, Riga Technical University

Thermoplastic polymer composite materials with carbon nanofillers have been
researched in manufacturing mechanical sensor elements and shrinkage materials. An
application of ionic liquids (ILs) allows to enhance dispersion of carbon nanofiller in
polymer matrix and improve material properties. In this work an ultra-sonication
method is elaborated for the manufacturing of conductive thermoplastic polymer
(ethylene-octene copolymer — EOC, octene content 38%) nanocomposites from EOC
master-batches with multi-walled carbon nanotubes (CNTs) modified with
hexadecilimidazolium IL (IL-f-CNTs). The modulus of elasticity changes in the range
from 12 MPa to 24 MPa, but the deformation at break from 1000% to 810 % with the
content of filler 0.5-15 wt.% in the composites. It is determined that the indicators of
stress-strain properties at break are by 1.5 to 2 times higher than those of EOC
composites with unmodified CNTs. The electrical conductivity increases from 9.85 x
10" S/em to 3.95 x 107 S/cm with an increase of IL-f-CNT filler content from 0 to
15 wt.%.

The financial support of the Latvian National Research Program IMIS? project is
greatly acknowledged.
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NANOMATERIALI UN NANOTEHNOLOGIJAS MEDICINISKAJAM
PIELIETOJUMAM (VPP IMIS® PROJEKTS NR. 4)

Lica Bérzina—Cimdinal, Dagnija Loéaz, Janis Logs'?
'Rigas Tehniska universitates Materidalzindtnes un lietiskas kimijas fakultates Visparigas
kimijas tehnologijas institiits
’Rigas Tehniska universitates Materidlzindtnes un lietiskas kimijas fakultates Riidolfa
Cimdina Rigas Biomaterialu inovdciju un attistibas centrs

Valsts petijumu programmas “Daudzfunkcionalie materiali un kompoziti, fotonika un
nanotehnologijas (IMIS?)” 4. Projekta “Nanomateriali un nanotehnologijas
mediciniskajam pielietojumam” merkis ir attistit jaunus un uzlabotus inovativus
materialus mediciniskam pielietojumam, tai skaitd implantus audu aizvietoSanai un
atjaunoSanai, balstoties uz nozares fundamentalo un lietiSko p&tfjumu rezultatiem un
jaunakiem sasniegumiem nanotehnologijas. Mérka sasniegSanai veidota starpnozaru
starptautiski atzitu specialistu komanda ar motivétiem talantigiem jauniem
zinatniekiem, vienlaikus attistot jauno produktu raZoSanas un pielietoSanas
tehnologijas, izmantojot jaunizveidoto Valsts Nozimes P&tijumu Centru kapacitati.
Projekta gaita tiek raditi un pétiti jauni, pielietojami un konkur€tsp&jigi biomateriali -
nanostrukturéti kompozitmateriali kaulu un audu implantiem. Lidztekus tiek veidotas
un eksperimentali aprobgtas jaunas optisko biosensoru sist€mas vides un partikas
produktu kvalitates operativam monitoringam, ka arT raditi un pétiti jauni, pielietojami
un konkur€tspgjigi nano- un mikro- nesgji zalu mérktiecigam transportam.

NANOMATERIALS AND NANOTECHNOLOGIES FOR MEDICAL
APPLICATIONS (NRP IMIS?> PROJECT NO. 4)

Liga Berzina-Cimdina', Dagnija Loca’, Janis Locs'?
!Institute of General Chemical Engineering, Faculty of Materials Science and Applied
Chemistry, Riga Technical University
’Rudolfs Cimdins Riga Biomaterials Innovations and Development Centre of RTU, Institute of
General Chemical Engineering, Faculty of Materials Science and Applied Chemistry, Riga
Technical University

The aim of the National Research Programme “Multlfunctional Materials and
composltes, photonicS and nanotechnology (IMIS?)” Project No. 4 “Nanomaterials
and nanotechnologies for medical applications” is to develop new and improved
innovative materials for medical applications, including implants for tissue
replacement and regeneration considering the fundamental and applied research
results in the field and the latest advances in nanotechnology industry. Within the
project new, exploitable and competitive biomaterials — nanostructured composite
materials for bone and tissue implants, new systems of optical biosensors for rapid
microbiological quality control of food and environmental samples and exploitable
and competitive nano- and micro- carriers for targeted drug transport have been
developed.

This work has been supported by the National Research Programme No. 2014.10-
4/VPP-3/21  “Multlfunctional Materials and composltes, photonicS and
nanotechnology (IMIS?)” Project No. 4 “Nanomaterials and nanotechnologies for
medical applications”.
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KAULAUDU MORFOLOGISKS UN RADIOLOGISKS NOVERTEJUMS
DZIVNIEKIEM AR EKSPERIMENTALU OSTEOPOROZI

Ilze galmal, Mara Pilmane>
'Rigas Stradina universitates Mutes, sejas un Zokju kirurgijas katedra
’Rigas Stradina universitates Anatomijas un antropologijas institiits

Peéc Eiropas Savienibas datiem Latvija apm&ram 33% iedzivotaji slimo ar balsta un
kustibas sist€émas slimibam, tddam ka osteoporoze, reimatoidais artrits, osteoartrits,
spondiloze. So slimibu arsté$ana var biit gan sistémiska, gan lokala.

Projekta ietvaros tiek pétiti jauni multifunkcionali materiali un metodes kaulaudu
apjoma un mehanisko 1pasibu pastiprinaSanai — lokalai osteoporotisku kaulu
arst€Sanai un osteoporozes profilaksei.

Ieprieks petitie un klinika pielietotie divfaziskie kalcija fosfatu biokeramikas materiali
tiek papildinati ar stroncija joniem.

Darba gaita dzivniekiem tiek ierosinata eksperimentala osteoporoze - 40 trusu
matitém veikta abpus€ja ovarektomija un metilprednizolona kurss. Izveidota
osteoporoze tiek novértéta ar radiologiskam un morfologiskam izmekl&Sanas
metodém.

Petijums izstradats Valsts Petjumu programmas No. 2014.10-4/VPP-3/21
“Daudzfunkclonalie Materiali un kompozitl, fotonika un nanotehnologijaS (IMIS?)” 4.
projekta “Nanomateriali un nanotehnologijas mediciniskajam pielietojumam” ietvaros.

MORPHOLOGICAL AND RADIOLOGICAL ASSESSMENT OF BONE
TISSUE IN ANIMALS WITH EXPERIMENTAL OSTEOPOROSIS

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

According to European Union data approximately 33% of the Latvian population is
suffering from musculoskeletal system diseases such as osteoporosis, rheumatoid
arthritis, osteoarthritis, spondylosis. The treatment may be systemic and local.

Within the project new multi-function materials and methods for enhancement of
bone volume and mechanical properties — local treatment of an osteoporotic bone and
osteoporotic prophylaxis are investigated.

Previously studied and applied at in the clinic biphasic calcium phosphate bioceramic
materials are supplemented with strontium ions.

Experimental osteoporosis is initiated in 40 rabbits (bilaterally ovariectomy and
course of methylprednisolone). The established osteoporosis is evaluated by
radiological and morphological investigative methods.

This work has been supported by the National Research Programme No. 2014.10-
4/VPP-3/21  “Multlfunctional Materials and composltes, photonicS and
nanotechnology (IMIS?)” Project No. 4 “Nanomaterials and nanotechnologies for
medical applications”.
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SURFAKTETU MAGNETITA NANODALINU TERMOFORETISKA
PARNESE PORAINA SLANI

Elmars Blums, Viesturs gints, Mihails Majorovs, Gunars Kronkalns
Latvijas Universitates Fizikas institits

Vairakos magnétisko koloidu potencialajos pielietojumos, pieméram, magnétiskaja
hipertermija, svarigu lomu spélé nanodalinu difuziva un termodifuziva parnese
biologiskos audos. Lai noveértétu audu ietekmi uz parneses intensitati, darba tika veikti
nanodalinu difiizijas un termodiftizijas modelgjosi petijumi mehaniska poraina vide.
Eksperimenti veikti plana ar ferokoloidu piesatinata porainas vides slani ar slégtam
robezam. Noverots, ka gan diffizijas, gan termodifizijas koeficienti porainas vides
ietekm& samazinas. Nanodalinu difiizijas koeficientu, actmredzot ietekm& porainas
vides turtozitate, kamér termodifiizijas koeficienta izmainas poraina vidé nosaka
termoosmotiskie procesi. Par to liecina nanodalinu Soret koeficienta samazinasanas
(pat termodiftizivas plismas virziena maina) palielinot briva surfaktanta koncentraciju
koloida.

TERMOPHORETIC TRANSPORT OF SURFACED MAGNETITE
NANOPARTICLES IN POROUS A LAYER

Elmars Blums, Viesturs gints, Mihail Maiorov, Gunars Kronkalns
Institute of Physics, University of Latvia

Important rule for some potential magnetic fluid applications (for example, magnetic
hyperthermia) play diffusive and thermodiffusive transport of nanoparticles in
biologic tissues. In order to examine the influence of tissues on the transport intensity,
in present work there were performed model experiments on nanoparticle diffusion
and thermodiffusion in chemically passive porous media. The measurements are
performed employing a thin layer of porous media saturated with hydrocarbon based
ferrocolloid. It is established that both the diffusion as well the thermodiffusion
coefficients strongly decrease under the porous environment. The diffusion coefficient,
obviously, depends on tortuosity of the porous media, whereas the changes in particle
thermodiffusive transport are caused by originating of thermoosmotic fluxes inside
the layer. An evidence of that is strong reduction of Soret coefficient (even change in
particle flux direction) with increase of free surfactant concentration in the colloid.

The financial support of Latvian State Research Program IMIS-2 is greatly
acknowledged.
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PONDEROMOTORIE MAGNETISKIE SPEKI MICROREOLOGIJA UN
MIKROFLUIDIKA

Andrejs Ceébers, Artis Brasovs, Janis Cimurs, Kaspars Erglis, Guntars Kitenbergs,
Oksana Petricenko, Andrejs Tatul¢enkovs
Latvijas Universitates Magnétisko miksto materialu laboratorija

Referata tiek atspoguloti 2015. gada rezultati magnétisko miksto materialu fizika.
Magnétisko mikrokonvekciju magnétiska $kidruma Hele-Sou slanos izsauc ta
paSradita magnétiska lauka ponderomotoro speku darbiba [1]. Galvenie
eksperimentalie §1s paradibas pétjjumu rezultati labi atbilst teorétiskiem rezultatiem,
iegiitiem Brinkmana modela tuvinajuma. Taja skaita atrasts, ka magn&tisko pirkstu
augSanas atrums atkariba no magnétiska lauka intensitates atbilst skaitliskiem
rezultatiem, kuri iegtiti Brinkmana modela tuvinajuma, turpretim Darst modelis nedod
dotas paradibas kvantitativu aprakstu. P&tot mikrokonvekciju sliek$pa tuvuma
noskaidrots, ka biitisku lomu sp€lé gravitacijas izsauktas pretplismas, kuras noved pie
palielinatas difiizijas frontes izsmérésanas.

Izmantojot magn&tiskas mikroreologijas metodi noskaidrota biologiskas izcelsmes
gelu elastibas atkariba no daudzvalentu katjonu koncentracijas [2].

PONDEROMOTIVE MAGNETIC FORCES IN MICRORHEOLOGY AND
MICROFLUIDICS

Andrejs Cebers, Artis Brasovs, Janis Cimurs, Kaspars Erglis, Guntars Kitenbergs,
Oksana Petricenko, Andrejs Tatuléenkovs
University of Latvia, Laboratory of Magnetic soft materials

Main results obtained in year 2015 are considered. Magnetic microconvection in
Hele-Shaw cells is caused by the action of ponderomotive forces of self-magnetic
field of magnetic fluid [1]. Experimental results of investigation of this phenomenon
are in a good agreement with theoretical results obtained in the frame of Brinkman
model. It is found that dependence of the velocity of fingers on the magnetic field
strength corresponds well to numerical results obtained in the frame of Brinkman
model contrary to the Darcy model which does not give good quantitative description.
Investigation of microconvection near the threshold shows that important role play
counter-flows caused by the action of gravity which enhance the smearing of the
diffusion front.

By magnetic microrheology the dependence of elasticity of gels on concentration of
multivalent cations is established [2].

1. G.Kitenbergs,A.Tatulcenkovs,K.Erglis,O.Petrichenko,R.Perzynski and A.Cébers. Magnetic field
driven micro-convection in the Hele-Shaw cell: the Brinkman model and its comparison with
experiment. J.Fluid Mech., 2015,v.774,170-191

2. A.Brasovs, J.Cimurs, K.Erglis, A.Zeltins,J.-F.Berret, A.Cebers. Magnetic microrods as tool for
microrheology. Soft Matter — 2015 ,v.11,2563-2569
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BREGA REZGA PARAMETRU NOTEIKéANVA DCM ATVASINAJUMU/PVK
LAZERU IZVEIDOSANAI

Andris Pavils Stikuts, Martins Narels, Aivars Vembris
Latvijas Universitates Cietvielu fizikas institiits

DCM ir plaSi izmantota organiska lazeru krasviela, tacu DCM starpmolekulara
mijiedarbiba pie lielam koncentracijam veido agregatus, kas nelabvéligi ietekmé
optiskas 1pasibas. Rigas Tehniskaja universitaté tika sintezeétas DWK-1, DWK-2,
DWK-1TB, lai izvairitos no §1 efekta. Sadalitas atgriezeniskas saites struktiira
nodroSina augstu atstaro$anos gaismai pie izveleta vilpa garuma, turklat So vilpa
garumu var mainit, mainot struktiiras periodu. Lazeram ar atgriezenisko sadalito saiti
raksturiga monohromatiska gaisma.

Darba tika nomeriti biezumi ar rot&josa diska (spin-coating) metodi iegiitam planam
kartinam, ko veidoja dazadas koncentracijas krasvielas (DCM, DWK-1, DWK-2,
DWK-1TB) PVK matrica. Izmantojot m-Iiniju (m-line) metodi tika noteikti plano
kartinu lauSanas koeficienti pie gaismas vilpa garuma A=632,5 nm. Izmantojot
Kramersa — Kroniga sakaribas un lauSanas koeficientu pie zinama gaismas vilpa
garuma, no plano kartinu absorbcijas spektra tika noteikta kartinu lausanas koeficienta
atkartba no gaismas vilpa garuma. Tika noteikts periods otras kartas sadalitai
atgriezeniskas saites struktiirai (distributed feedback structure), kas nodroSinatu
atstarotaroSanos pie vilpa garuma, kas atbilst kartinas pastiprinatas spontanas emisijas
maksimumam.

DETERMINATION OF BRAGG GRATING PARAMETERS FOR DCM
DERIVATIVE/PVK LASERS

Andris Pavils Stikuts, Martins Narels, Aivars Vembris
Institute of Solid State Physics, University of Latvia

DCM is a widely used organic laser dye, however, DCM intermolecular interactions
at high concentrations create agregates that negatively influence its optical properties.
At Riga Technical University DWK-1, DWK-2, DWK-1TB have been synthesised to
counter this effect. A distributed feedback (DFB) structure provides high reflection at
a chosen wavelength. Moreover, this wavelenght can be varied by changing the period
of the structure. Monochromatic light is characteristic for a DFB laser.

Thickness of spin-coated thin films consisting of various concentrations of dye (DCM,
DWK-1, DWK-2, DWK-1TB) in a PVK matrix were measured. Utilising the m-line
method refractive indices of the thin films were determined at wavelength A=632.5
nm. From the absorbtion spectrum using Kramers-Kronig relations the refractive
indices of the thin films were determined as a function of wavelength. The period of a
DFB structure was determined for each film such that the light, whose wavelenght
coincides with the maximum of the amplified spontaneous emmision spectrum of the
thin film, is reflected.
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SU-8 VILNVADU PAGATAVOSANA AR TIESA IERAKSTA LAZERA
LITOGRAFIJAS TEHNIKU

Elza Linina, Edgars Nitiss, Andrejs Tokmakovs, Martins Rutkis
Latvijas Universitates Cietvielu Fizikas institits

Gaismas vilnvadi ir integréto optisko shému galvenie elementie, kas optiskajas
shémas pilda gaismas signala parvadiSanas funkciju. Viena no popularakajam
metodém, ko izmanto vilnvadu izgatavosSanai uz dazadam pamatn@m, ir tiesSa ieraksta
lazera lietografija. Saja metodé gaismas vilnvadi tiek “ierakstiti” negativa rezista ar
fokusétu lazera staru. Sobrid Cietvielu Fizikas instititd ar tie$a ieraksta lazera
litografijas tehniku tiek izgatavoti optisko vilpvadu elementi no negativa rezista SU-8.
Referata tiks demonstréti optiskie vilnvadu elementi, kas izgatatavoti ar submikrona
precizitati gan no tira SU-8 rezista, gan arm no SU-8, kas satur nelineari optiskus
organiskus savienojumus, uz stikla pamatnes. Tiks skaidroti vilpvadu pagatavoSanas
soli un to ietekme uz vilpvadu optisko kvalitati un mehaniskajam Tpasibam.

Petfjums ir finansiali atbalstits VPP IMIS? 1. projekts "Fotonika un materiali
fotonikai" un Latvijas Universitates Cietvielu fizikas institiita Studentu un Jauno
zinatnieku projekta Nr. SJZ2015/15 ietvaros.

PREPARATION OF SU-8 WAVEGUIDES USING THE DIRECT-WRITE
LASER LITHOGRAPHY TECHNIQUE

Elza Linina, Edgars Nitiss, Andrejs Tokmakovs, Martins Rutkis
Institute of Solid State Physics of University of Latvia

Optical waveguides ar the fundamental elements of optical integrated circuits and are
responsible for guiding light signals in the circuits. One of the most popular methods
used for the development of optical waveguides on various substrates, is the direct
write laser lithiography. In this method the waveguides are directly “written” into the
negative resist with a focused laser beam. For several months now the Institute of
Solid State physics owns this technology and various optical waweguide elements
have been fabricated on SU-8 resist and tested.

In this presentation we will demonstrate the optical waveguides developed on glass
substrates with a submicron precision using pure SU-8 and SU-8 doped with
nonlinear optical molecules. We will report the waveguide preparation step and their
influence on both optical and mechanical properties of SU-8 waveguides.

Financial support provided by NRP IMIS? 1. project "Photonics and materials for
photonics" and by Scientific Research Project for Students and Young Researchers Nr.
SJZ2015/15 realized at the Institute of Solid State Physics, University of Latvia is
greatly acknowledged.
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DENDRONIZETU HROMOFORU SINTEZE UN HOLOGRAFISKAIS
IERAKSTS HROMOFORUS SATUROSA PARAUGA

Lauma Laipniece, Valdis Kampars, Andris Ozols, P&teris Augustovs
Rigas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultate

Dendronu pievienoSana hromofora molekulai var ievérojami mainit materiala Tpasibas.
Sintezeti divi jauni dendronizeti azohromofori. Tie sastav no 4’-[N-(2-hidroksietil)-N-
metil]Jamino-2-(2-hidroksietoksi)-4-nitroazobenzola kodola, kura OH grupas ir
esterific€tas ar 3,5-dibenziloksibenzoskabi (savienojums LL75) un 3,5-bis(2,3,4,5,6-
pentafluorbenziloksi)benzoskabi  (savienojums LL82). Gaismas absorbcijas
maksimumi CHCl; $kiduma ir 479.1 nm savienojumam LL75 un 476.3 nm
savienojumam LL82. Sagatavots treSais paraugs LL50/50, sajaucot savienojumus
LL75 un LL82 ekvimolaras attiecibas.

Visiem paraugiem ir izméritas paSdifrakcijas efektivitates (SDE) atkariba no
ekspozicijas laika ar p-p polarizé€tiem vienadas intensitates 532 nm un 632.8 nm
lazeru stariem. Visu paraugu ipatniba bija loti atrs (<1s), gandriz lecienveida SDE
pieaugums ekspozicijas sakuma, kas seviski izteikts ir 532 nm gadijuma. Labakie
holografiskie parametri ir sasniegti LL50/50 paraugos pie 532 nm: SDE,,x=0.010%,
patngja ieraksta energija 5.1 J (cm®%). Teraksta sakuma gaismas jutiba acimredzami
ir daudz lielaka par minéto, taCu tas noteikSanai ir nepiecieSama lielaka laika
iz8kirtsp&ja neka misu eksperimentos.

SYNTHESIS OF DENDRONIZED CHROMOPHORES AND HOLOGRAPHIC
RECORDING IN THE CHROMOPHORES CONTAINING SAMPLES

Lauma Laipniece, Valdis Kampars, Andris Ozols, Peteris Augustovs
Faculty of Material Science and Applied Chemistry, Riga Technical University

Attachment of dendrons to chromophore molecule can considerably change material’s
properties. Two new dendronized azochromophores were synthesized. They consisted
of 4’-[N-(2-hydroxyethyl)-N-methylJamino-2-(2-hydroxyethoxy)-4-nitroazobenzene
core, which OH groups were esterified with 3,5-dibenzyloxybenzoic acid (compound
LL75) and 3,5-bis(2,3.4,5,6-pentafluorobenzyloxy)benzoic acid (compound LL82).
Light absorption maxima in CHCl; solution were 479.1 nm for compound LL75 and
476.3 nm for compound LL82. A third sample LL50/50 was prepared mixing
compounds LL75 and LL82 together in equimolar proportions.

Self-diffraction efficiency (SDE) exposure time dependences have been measured for
all samples by two equal intensity p-p polarized 532 nm and 632.8 nm laser beams.
The distinct peculiarity of all samples was a very fast (<1s), almost jump-like initial
SDE increase, especially in the 532 n case. The best holographic parameters have
been achieved in the case of LL50/50 samples at 532 nm: SDE,,x=0.010%, specific
recording energy 5.1J (cm®%). The initial photosensitivity, obviously, is much higher
than mentioned. However, to measure it higher temporal resolution is necessary than
in our experiments.
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DIMANTU SINTEZE NO DAZADIEM OGLI_JDEVNRAZU SAVIENOJUMIEM
AR KIMISKAS TVAIKU IZSEDINASANAS METODI

Eriks Elksnisl, Arturs VTksnal, Atis Skudra®
"Latvijas Universitates Kimijas fakultate
’Latvijas Universitates Atomfizikas un spektroskopijas institiits

Misu pétijuma merkis ir saistits ar dimanta sint€zei paredz€to lidzstravas plazmas
kimisko tvaiku nogulsn&Sanas iekartu, kas darbojas pazeminata spiediena, p&tniecibu,
izstradi un optimizaciju, apskatot sint€zes procesus pie dazadiem spiedienu
parametriem, dazadiem substrata materialiem, to priekSapstrades metodém, ka oglekla
avotu lietojot dazadus ogliidenrazus un to maisijumus.

Pedgjo gadu laika dimanta sint€zes procesu nodroSinaSanai ir tikuSas izstradatas un
pétitas dazadas plazmas kimisko tvaiku nogulsnéSanas metodes, kas darbojas
pazeminata spiediena apstaklos. Sis metodes ir lavusas izstradat dazadas metodes un
variacijas dimanta sint€zes procesiem, atkariba no vélama iegtistama gala produkta un
ta velamajam 1paSibam. Tomer Sos procesus ir nepiecieSams labak izprast, uzlabot un
padarit rentablakus.

ST darba ietvaros tika izmantota 2kW lidzstravas plazmas izlades iekarta ar mérki
sintezet dimanta parklajumus, ka arT dimanta mono kristalus no tidenraza-ogliidenrazu
sisttmam, petot metanola, etanola, acetona un dazadu So vielu maisijumu attiecibu
izmantoSanu, ka oglekla avotu dimanta sint€zes procesos.

DIAMOND SYNTHESIS USING PLASMA CHEMICAL VAPOUR
DEPOSITION METHOD WITH DIFFERENT HYDROCARBON
PRECURSORS

Eriks Elksnisl, Arturs Viksnal, Atis Skudra®
"Faculty of Chemistry, University of Latvia
*Institute of Atomic Physics and Spectroscopy, University of Latvia

Our work is concerned with the preparation, investigation and optimisation of low
pressure DC plasma chemical vapour deposition systems for diamond synthesis at
different pressure conditions on different substrate materials and substrate pre-
treatment methods using different hydrocarbon precursors.

A variety of chemical vapour deposition (CVD) methods have been developed over
the last years to obtain layer of diamond at low pressure. These methods have led to
many applications taking advantage of the exceptional properties of a diamond.
However, their properties have to be improved and operational costs reduced.

In this work we used 2kW DC plasma discharge system in order to deposit diamond
films and single crystal particles from hydrocarbon-hydrogen system exploring effect
of methanol, ethanol, acetone and various mixture ratios of those hydrocarbons as
carbon sources in diamond synthesis process.

The financial support of IMIS? project is greatly acknowledged.
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LAZERA STARA FOTOINDUCETAIS DIHROISMS Asys5Se;sS4 KARTINAS

Everita Vina
Fizikas un matematikas fakultate, LU

Saja darba tika pétits gaismas ar vilpa garumu A = 635 um inducéts linedrais
dihroisms planas (~ 2 pm < d ~ 6pum) AsssSe;sSao kartinas. Shéma tika izmantota
divu staru sisttma — lazera stars tika sadalits divas dalas, un ar polarizacijas
plaksnittm un kubiniem tika panakta lineara, savstarpgji perpendikulara staru
polarizacija. Specigakais stars ar jaudu P|| = 25 mW bija ierosinoS$ais stars. Vajakais,
perpendikulari polarizetais stars PL =~ 60 uW tika izmantots ka nolasoSais stars.
Paraugu caurlaidibas mérfjumu rezultatu analize lauj secinat, ka AsgsSe sS40 kartinas
novérojams, kaut ar1 neliels, fotoinducgtais dihroisms.

LASER BEAM PHOTOINDUCED DICHROISM IN AsysSe sS4 FILMS

Everita Vina
Faculty of Physics and Mathematics, UL

Laser beam A = 635 pm stimulated linear dichroism in thin AsssSe;sS4 films was
studied. The two beam system was used - the laser beam was split in two. Using
polarization plates and cubes mutually orthogonally polarization of beams was
achieved. More intense beam with P|| =25 mW as pump beam was used. The weaker,
perpendicularly oriented beam with PL = 60 uW was for recording. The analysis of
achieved results suggests, that the photo-induced dichroism in AsssSe ;sS4 films take
place, although it is small enough.
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LUMINISCENCES PROCESI NaLaF;:Tm™

Jurgis Griibe
Latvijas Universitates Cietvielu fizikas institiits

Dazados materialos, kas aktivéti ar Tm>" un Yb3+, ierosinot ar infrasarkano starojumu
ir iespgjams noverot augSup-parveidoto luminiscenci ultravioleta spektra apgabala.
AugSup-parveidotas luminiscences ierosinasana norisinas pateicoties retzemju jonu
savstarp&jai mijiedarbibai, ka rezultata ierosmes energija no viena jona tiek pardota
talak otram jonam, ierosinot to stavokli ar lielaku energiju. Daudzos zinatniskajos
darbos, pieméram, NaYF,: Tm>*,Yb™, tick mingts, ka, lai ierosindtu Tm®* stavoklus ar
lielaku energiju, no kuriem ir iesp&jams novérot luminiscences joslas ultravioletaja
spektra apgabala, ir nepiecieSama energijas pardeve starp diviem tilija joniem. Saja
darba tiks apskatits, vai NalL.aF, Tm™* savstarp€ja mijiedarbibas rezultata ir iesp&jams
ierosinat Tm>* stavoklos ar lielaku energiju.

Darba gaita sintezéti NaLaF,:Tm®* paraugi ar dazadam Tm™ koncentracijam: 0.01,
0.1, 0.5, 1 un 2 mol%.

Paraugus, ierosinot ar dazadiem ierosmes starojuma vilpa garumiem, tika novérotas
Tm™* jonam raksturigas luminiscences joslas ultravioletaja, redzamaja un
infrasarkanaja spektra apgabala. Paraugos ar dazadam Tm™ koncentracijam tika
salidzinati luminiscences spektru un luminiscences kin&tikas, lai var€tu spriest par
tilija jonu savstarpejo mijiedarbibu.

Apkopojot rezultatus, tika izdariti secinajumi par Tm™ koncentracijas ietekmi uz
NaLaF,:Tm’* materiala optiskajam Tpasibam.

LUMINESCENCES PROCESSES IN NaLaF,:Tm™

Jurgis Grube
Institute of Solid State Physics, University of Latvia

In different kind of materials doped with Tm’" and Yb™" after excitation with infrared
light ultraviolet up-conversion luminescence can be observed. Up-conversion
excitation appears due to rare-earth interaction as result excitation energy from one
ion is transfer to other ion which is excited into higher energy state. In many scientific
papers, for example about NaYF4Tm’*,Yb*, there are proposed energy transfer
mechanisms between thulium ions which results in excitation of Tm’* higher energy
state from which ultraviolet luminescence is observed. In this work it will be shown
whether in NaLaF, Tm>" interaction could leads to excitation of Tm>* higher states.

In this work NaLaF,;:Tm’" samples with 0.01, 0.1, 0.5, 1 and 2 mol% Tm’* were
synthesized.

After excitation with various wavelength characteristic Tm” luminescence bands in
the ultraviolet, visible and infrared spectral regions were observed. For the samples
with different Tm®* concentration luminescence spectra and luminescence decay
kinetics were compared analyzed to thulium ion interaction.

Based on the experimental results the impact of Tm>* concentration on the optical
properties of NaLaF,:Tm™" is discussed.

Financial support provided by Scientific Research Project for Students and Young

Researchers Nr. SJZ2015/23 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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ATRO “C JONU RADTTOVLINEARO DEFEKTU IZPETE LiF,
IZMANTOJOT NANOINDENTESANU UN ATOMSPEKU MIKROSKOPIJU

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

Pétitas struktiiras izmainas LiF monokristalos, apstarojot tos ar vieglajiem '>C joniem,
kuru trekos atSkirtba no smagajiem joniem neveidojas specifiskie serdes defekti.
Izmantoti joni ar 5 1idz 133 MeV energiju un iespieSanas dzilumu no 4.2 lidz 250 pm.
Parsniedzot sliekna fluenci 10" joni/cm? visos paraugos novérojams biatisks (Iidz
~120%) cietibas pieaugums, kas saistams ar eksperimentos noveéroto dislokaciju
kustiguma samazinasanos apstaroSanas raditu makrodefektu (dislokacijas u.c.)
uzkraSanas rezultata. Dislokaciju klatblitni gan uz apstarotas virsmas, gan uz
skaldiSanas cela iegtitam profila virsmam apliecina strukttiras pé€tfjumi, izmantojot
ktmiskas kodinasanas un ASM metodes. Cietibas izmainas gar jonu trajektoriju korele
ar elektronisko energijas zudumu izmainam. Apstarojot ar 133 MeV energijas joniem,
noverots cietinasanas efekts ar apgabala aiz jonu iespieSanas dziluma, ko var saistit ar
Iidzigu efektu krasu centru veidoSana un kura iespEamais c€lonis ir 2c jonu
kodolreakcija ar litiju, kura rodas c izotops un tiek emitéts 3 starojums. Joniem ar
zemaku energiju cietinasanas efekts arpus apstarotas zonas netika noverots.

NANOINDENTATION AND AFM STUDY OF DEPTH-DEPENDENT
DAMAGE IN LiF IRRADIATED WITH SWIFT *C IONS

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

The structural change in LiF crystals irradiated with light '>C ions, for which in
contrast to heavy ions, tracks do not contain the specific core damage, has been
investigated. For the irradiation, ions with energies of 5 to 133 MeV with
corresponding ion rages from 4.2 to 250 um were chosen. When a threshold fluence
of around 10" jons/cm? is surpassed, a substantial hardening effect (up to ~120%) can
be observed in all samples. It is related to the observed reduction in dislocation
mobility which occurs due to accumulation of radiation induced extended defects
(dislocations, etc.). The presence of irradiation caused dislocations is confirmed by
structural investigation using chemical etching and AFM on the irradiated surface as
well as on profile surfaces obtained by cleaving the samples along the direction of the
ion beam. In the changes of hardness along the ion track a correlation with the
electronic ion energy loss can be observed. After irradiation with 133 MeV ions,
hardening has been observed also beyond the ion range which can be related to a
similar effect in the production of color centers, the possible cause of which might be
a nuclear reaction between '*C ions and lithium, the result of which is the formation
of "C isotope and the emission of B radiation. For ions with lower energies the
hardening effect beyond the ion range has not been observed.
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BISMUTA SELENIDA NANOSTRIVJKTURETO FUNKCIONALO
PARKLAJUMU SINTEZE UZ DAZADAM PAMATNEM UN TO
PERSPEKTIVIE PIELIETOJUMI

Margarita Baitimirova'?, Jana AndZane', Gvido P&tersons'?, Donats Erts'?
! Kimiskas fizikas institiits
’Kimijas fakultate, Latvijas Universitdte

Bismuta selenids (Bi,Ses) ir pusvaditajs, kuram piemit izteiktas topologiska izolatora
un termoelektriskas Tpasibas. Salidzinot ar tilpuma materialu, nanostrukturétajam
bismuta selenidam piemit §1s TpaSibas ir izteiktakas.

Bismuta selenida nanostrukturéti funkcionalie parklajumi ar bezkatalizatora fizikalo
tvaiku nogulsnéSanas metodi tika sintez€ti uz dazadam pamatném — stikls, indija alvas
oksids, graféns. Atkariba no pamatnes tipa tika iegiitas brivi stavoSas nanolentes,
parklajumi no atseviSkam haotiski orientétdm nanoplaksnittm un lokanam
nanolentém, un parklajumi no epitaksiali augo$am nanoplaksnit€em ar vienmeérigi
izkliedetam plaksnitem, orienteétam dazados lenkos pret virsmu. Iegiito
nanostrukturéto materialu forma, blivums uz virsmas, kimiskais sastavs un kristaliska
struktira tika analizéta ar SEM, AFM, EDX un TEM. Noteiktie uz graféna sintez&to
nanoplaksniSu lenki attieciba pret virsmu tika salidzinati ar galvenam stehiometriska
Bi,Ses kristallografiskam plaknem. Tika pétiti ieglito nanostrukturéto funkcionalo
parklajumu iesp€jamie pielietojumi termoelektriskas iericés un infrasarkanajos
detektoros.

SUBSTRATE-DEPENDENT SYNTHESIS AND APPLICATIONS OF
NANOSTRUCTURED BISMUTH SELENIDE FUNCTIONAL COATINGS

Margarita Baitimiroval‘z, Jana Andzanel, Gvido Petersonsl'z, Donats Erts'?
'Institute of Chemical Physics
Department of Chemistry, University of Latvia

Bismuth selenide (Bi,Ses) is known as a semiconductor with pronounced topological
insulator and themoelectrical properties. In comparison with bulk material,
nanostructured bismuth selenide demonstrate enhanced efficiency of these properties.
In this work nanostructured bismuth selenide functional coatings were synthesized by
catalyst-free solid-vapor deposition method on various substrates — glass, indium tin
oxide and graphene. The coating structure depends on the substrate type and may
consist of free-standing nanobelts, separate randomly oriented nanoplates and flexible
nanobelts, and heteroepitaxially grown nanoplates uniformly interspersed with non-
planar nanoplates. The shape, density, chemical composition and crystalline structure
of elements of the synthesized nanostructured coatings were analyzed using SEM,
AFM, EDX and TEM techniques. The slope angles of non-planar nanoplates of
functional coatings synthesized on graphene were compared to the main
crystallographic planes of XRD pattern of stoichiometric Bi,Ses;. The possibility of
application of the fabricated functional coatings in optoelectronic, infrared and
thermoelectrical self-powering detectors was studied.

125



Valsts pétijjumu programmas IMIS® rezultitu apspriesana — stenda referati, 19. februaris

MITRUMA IETEKME UZ B1,S; NANOVADU VADITSPEJU

Raimonds Meijal, Gunta Kunakoval, Jelena Kosmaéal, Justin D Holmesz, Donats Erts'
]Latvijas Universitates Kimiskas fizikas institits
’Kimijas fakultdte, Korkas universitdsu koledZa, Irija

Pusvaditaju nanovadiem ir liela virsmas laukuma/tilpuma attieciba un Debaja
ekrangéSanas garums var bitsalidzinams ar to radiusu. Tapec virsmas efekti
nanostruktiiras var biit galvenie nanovadu elektrovadamibu ietekmgjosie faktori. ST
iemesla d€] nanostruktiiras tiek virzitas ka nakotnes vides sensori, kurie ir augsta
jutiba virsmas attiecibas d&] un energoefektivi pateicoties mazajam izmé&ram [1].

Saja darba mds prezentdjam porainds anodizétas aluminija oksida (AAQO) matricas
audzeétu Bi,S; nanovadu elektriskas ipasibu atkaribu no apkartgjas vides relativa
mitruma. Tika noteikts, ka Bi,S; nanovadi var mainit savu veidu no p-tipa uz n-tipu
un atpakal atkariba no tidens koncentracijas apkart€ja vide.

1. N.S. Ramgir, Y. Yang, M. Zacharias, Small, 6, 1705, 2010

BL,S; NANOWIRE’S ELECTRICAL RESPONSE TO HUMIDITY OF
AMBIENT GAS

Raimonds Meijal, Gunta Kunakoval, Jelena Kosmacal, Justin D Holmesz, Donats Erts'
"University of Latvia, Institute of Chemical Physics
? Department of Chemistry, Cork University Colledge, Ireland

Nanostructures have been promoted as perspective active elements for various sensor
applications [1]. Because of the large surface/volume ratio and Debay screaning
length may be comparable with their radii surface effects may play the dominant role
in the overall electrical conductivity in semiconductor nanowires.

In this work we present humidity inflicted changes of Bi,S; nanowire’s electrical
properties. It was found that Bi,S; nanowires can change from p-type to n-type and
vice versa depending on concentration of water in carrier gas.

1. N.S. Ramgir, Y. Yang, M. Zacharias, Small, 6, 1705, 2010

126



Valsts pétijjumu programmas IMIS® rezultitu apspriesana — stenda referati, 19. februaris

NANOKOMPOZITU SINTEZE ZnO-Zn,SnO4/Ag SISTEMA UN TO
FOTOKATALITISKA AKTIVITATE

Janis Grabis, Anita Letlena, Dzintra RaSmane, Aija Kriimina
Rigas Tehniskd universitate, Neorganiskas kimijas institiits

IpaSo elektrisko un optisko raksturlielumu dé] cinka oksida un cinka stanata
nanodalinas, ka arT to kompoziti ir plasi lietojami saules baterijas, Saules starojuma
uztvergjos, fotokataliz€ organiska piesarnpojuma sadaliSanai.

Veikta pétjjuma mérkis bija izstradat mikrovilpu sintézes metodiku un iegiit
nanokompozitus ar dazadu komponentu sastavu ZnO-Zn,SnOs/Ag sistema, ka ar1
noteikt to fotokatalitisko aktivitati, sadalot metiléna zila $Skidumu.

7Zn0O-Zn,Sn0O4/Ag sisttmas nanodalinas tika ieglitas no salu Skidumiem mikrovilnu
reaktora (Masterwave BTR, Anton Paar) 160-180 °C temperatiira. lIegiito
nanokompozitu 1patngja virsma bija 19-28 mz/g atkariba no kompozitu fazu sastava.
Oksidu un sudraba nanodalinu lielums attiecigi bija 30-60 nm un 30-70 nm.
Nanopulverus veidoja tetrapodu formas un stienveidigas cinka oksida dalinas un
kubiskas cinka stanata dalinas. Sudraba dalinas atradas uz oksida virsmas.

Kompozitu fotokatalitiska aktivitate bija atkariga no komponentu attiecibas un
sudraba daudzuma un kristalitu lieluma. Vislielaka fotokatalitiska akvitate piemita
7Zn0O/Ag, Zn0O-Zn,Sn04/Ag nanokompozitiem.

MICROWAVE SYNTHESIS OF NANOCOMPOSITES IN ZnO-Zn;SnO4/Ag
SYSTEM AND THEIR PHOTOCATALYTIC ACTIVITY

Janis Grabis, Anita Letlena, Dzintra RaSmane, Aija Kriimina
Institute of Inorganic Chemistry, Riga Technical University

Zinc oxide and zinc stannate nanoparticles as well as their composites due to their
attractive electrical and optical parameters are promising candidates for a wide range
of application in solar cells, sensors, photocatalysis for the degradation of organic
pollutants.

The aim of the present work was to prepare particulate nanocomposites with different
content of the components in the ZnO-Zn,SnO4/Ag system by using microwave
synthesis and to compare their photocatalytic activity in degradation of methylene
blue solution.

Zn0-Zn,Sn0O4/Ag system nanoparticles were prepared by heating mixtures of the salt
solutions in microwave reactor (Masterwave BTR, Anton Paar) at 160-180 °C. The
specific surface area of the prepared nanocomposites was in the range of 19-28 m?/g
in the dependence on the phase composition. Crystallite size of the oxides and Ag
particles was in the range of 30-60 nm and 30-70 nm, respectively. The powders
were composed of tetra-pod shaped or rod-like particles of ZnO and cubic particles of
Zn,SnQOy. The silver particles were situated on the surface of oxides.

The photocatalytic activity depended on ratio of the components, content and
crystallite size of Ag. The highest photoactivity showed ZnO/Ag, ZnO-Zn,SnO4/Ag.

The research was supported by Latvian National Research Program IMIS?.
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MODIFICETU TiO, NANOSKIEDRU SINTEZE UN TO
FOTOKATALITISKA AKTIVITATE

Reinis Drunka, Janis Grabis, Dzidra Jankovica, Aija Kriimina, Dzintra RaSmane
Rigas Tehniskas universitates Neorganiskds kimijas institiits

Titana dioksids ir viens no Sobrid plasak pétitajiem fotokatalizatoru materialiem. Savu
kimisko un fizikalo 1pasibu dg] tas rod plasu pielietojumu gan energétikas, gan vides
aizsardzibas problému risinaSana. Tira TiO, fotokatalitiska aktivitate ir pietiekami
augsta tikai UV starojuma, tapec nepiecieSams to modificét, lai fotokatalizators biitu
lietojams ar1 redzamas gaismas starojuma josla. Perspektiva ir nanostrukturétu TiO,
fotokatalizatoru ar lielu Tpatngjo virsmas laukumu modificeéSana ar c€lmetaliem, kas
ieverojami lauj uzlabot fotokatalitisko aktivitati.

TiO, nanoskiedras ieguvalOM KOH skiduma, lietojot mikrovilpu sint€zes metodi. Ar
zeltu modificétu TiO, nanoskiedras iegtlitas izmantojot kimiskas izgulsnéSanas metodi.
Individualu nanovadu diametrs ir sakot no Snm, bet nanoskiedras Tpatngjas virsmas
laukums sasniedz 129m2/g. Fotokatalitiskas TpasSibas parbauditas, sadalot metilénzila
tidens Skidumu UV un redzamas gaismas starojumu ietekmé. legtitie fotokatalizatori
ir ar I1dz pat 48% augstaku fotokatalitisko aktivitati UV starojuma un ar Iidz 13%
augstaku fotokatalitisko aktivitati redzamas gaismas starojuma salidzinajuma ar
nemodificétam TiO, nanocaurulitem. Augstako fotokatalitisko aktivitati uzrada ar
zeltu modificéti TiO, nanoskiedru paraugi, kuru sastava ir 4,8% zelta.

SYNTHESIS AND MODIFICATION OF TiO; NANOFIBERS AND THEIR
PHOTOCATALYTIC PROPERTIES

Reinis Drunka, Janis Grabis, Dzidra Jankovica, Aija Krumina, Dzintra Rasmane
Institute of Inorganic Chemistry, Riga Technical University

Titanium dioxide is one of most widely studied photocatalyst material currently.
Because of its chemical and physical properties it has a broad range of applications to
solve problems in energetics and environmental protection. Photocatalytic properties
of pure TiO, are high enough only under UV radiation, it must be modified to be used
in a radiation zone of visible light. Nanostructured TiO, photocatalysts with high
specific surface area modification with precious metal particles allows to significantly
improve photocatalytic properties.

TiO, nanofibers were obtained by using microwave assisted synthesis in solution
containing 10M KOH. Chemical deposition method was used to obtain gold modified
TiO; nanofibers. As prepared TiO, nanofibres were with a diameter of Snm and with
specific surface area up to 129m?/g. Photocatalytic properties were tested by
degradation of methylene blue solution on the influence of UV and visible light
radiation. Obtained photocatalysts were with up to 48% higher photocatalytical
activity under UV irradiation and up to 13% under visible light radiation with respect
to pure TiO, nanofibers. Modified TiO; nanofibers containing 4.8% gold have shown
the highest photocatalytic activity.

The financial support of government research program project IMIS? is greatly
acknowledged.
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MAZSLANU GRAFENA AUGSANAS MEHANISMI UZ KATALIZATORA
VIRSMAS

Valentins Grehovs', Janis Kalnacsl, Anatolijs Miénevsz, Karlis Kundzin§3
! Fizikalas Energétikas institiits
? Latvijas Organiskas Sintézes institiits
’Latvijas Universitates Cietvielu fizikas institiits

Brivi izvietota graféenu materiala iegfiSanai izmantota oglekla doz&ta jaukSana ar
nikela pulveri un maisijuma izkarséSana lidz 900 — 1000 °C, p&c tam to atdzesgjot Iidz
istabas temperatiirai. Dzes€Sanas procesa laika izveidojies graféna materiala slanis
iegiits, nokodinot metalu. legiitais graféna materials petits ar augstas izSkirSanas
transmisijas mikroskopu, sken&joSo elektronu mikroskopu un rentgendifrakciju. Ar
$adu metodi var€ja parverst graféna lielako dalu no izmantota oglekla.

Struktiiras zina iegitie slani bija nanokristaliski ar graudu izmériem 1-10 pm.
Paradits ka speciala rezima atkvélinot katalizatora — oglekla maisjumu graféna
augSanas mehanisms ir saistits ar 8 — 10 nm lielu pakapienu eksistenci uz metala
pulvera graudiem.

Skengjosas un transmisijas elektronu mikroskopijas att€lu analize un rentgenstaru
difrakcija parada, ka ar §adu metodi iesp&jams iegiit graféna materialus ar 1 Iidz 50
grafna kartinam.

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

FEW LAYER GRAPHENE GROW MECHANISMS ON KATALISATOR
SURFACE

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

For graphenic carbon materials (GCM) production a special nickel-carbon powders
mixture was heated in inert atmosphere to a temperature of 900—1000°C and cooled to
room temperature (RT). The carbon material was extracted from the mixture and
studied using scanning (SEM) and X-ray diffraction (XRD). By such preparation, a
significant portion of the carbon material was transformed into GCM.

Aacquired GCM was few or multilayers nanocrystalline sheets with a size of
crystallites about of 1-10 nm. For special mode of annealing for Ni-C mixture, it has
been shown that the mechanism of growth is associated with the grain boundaries of
crystallites having a steps about 8—10 nm.

SEM and TEM images analyse and XRD measurements show, that method allowe to
get graphenic materials with graphene sheet thicknesses 1 — 50 layers.

The present research has been supported by the National Research Programme for

2014-2017  “Multifunctiona]  Materials and Composites, Photonics and
Nanotechnologies”.
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SUKLVEIDA GRAFENA IEGUSANA UN IPASIBAS

Valentins Grehovsl, Janis Kalnacsl, Anatolijs Miénevsz, Karlis Kundzin§3
! Fizikalas Energétikas institiits
? Latvijas Organiskas Sintézes institiits
’Latvijas Universitates Cietvielu fizikas institiits

Ggraféna materiala iegliSanai izmantota oglekla dozeta jaukSana ar nikela pulveri un
maistjuma izkarseéSana Iidz 900 — 1000 °C, pec tam to atdzes€jot lidz istabas
temperatirai. Dzes€Sanas procesa laika izveidojies graféna materiala slanis iegiits,
nokodinot metalu. legitais graféna materials pétits ar augstas izskirSanas transmisijas
mikroskopu, sken&joSo elektronu mikroskopu un rentgendifrakciju.

Petljuma merkis bija izstradat vienkarSu, viegli realiz§jamu metodi brivi izvietota
graféna materiala iegtiSanai, sastavoSa no graféna slana ar siikla morfologiju no dazu
graféna slagu biezuma kristalitiem. Merkis ir sasniegts, izmantojot specialu
atlaidinasanas reZimu un zZavésanu sasaldgjot.

legiitie slani bija dazu graféna slanu nanokristaliski ar grauda izméru 1 Iidz 10 nm.
Elektronu mikroskopijas atteéli un rentgenstaru difrakcija parada, ka ar izstradato
metodi var iegiit graféna materialu ar stikla morfologiju un 1 - 3 graféna slanu
biezumu.

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

SPONGE GRAPHENE PRODUCTION AND PROPERTIES

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

Ggraphenic carbon material (GCM) produced from nickel-carbon powders mixture
after heating in inert atmosphere to a temperature of 900—1000°C and cooling to room
temperature (RT). The carbon material was extracted from the mixture and studied
using scanning (SEM) transmission electron microscopy and X-ray diffraction
(XRD).

The objective of the present research was to elaborate a simple and available method
for production free standing (GCM) with sponge morphology from a few graphene
layers. Aim is realised by special annealing regime and freasing drying.

Acquired GCM was few layers nanocrystalline sheets with a size of crystallites about
of 1-10 nm,.SEM and TEM images analyse and XRD measurements show, that
method allowe to get graphenic materials with sponge morphology and graphene
sheet thicknesses 1 — 3 layers.

The present research has been supported by the National Research Programme for

2014-2017  “Multifunctional Materials and Composites, Photonics and
Nanotechnologies”.
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Zn NANODALINU VEIDOSANA ZnO KRISTALA AR Nd:YAG LAZERA
STAROJUMU: EKSPERIMENTS, MODELIS UN PIELIETOJUMS

Artiirs Medvids, Pavels Onufrijevs, Edvins Dauksta
Tehniskas fizikas institiits, Materialzinatnes un lietiskas kimijas fakultate, Rigas Tehniska
Universitate

Tika paradita iespgja ar Nd:YAG lazera starojumu vadit ZnO kristala
elektrovaditspgju un optiskas 1paSibas, tadas ka: fotoluminiscence un optiska
caurlaidiba. Tika novérota pieckarteja ZnO kristala vaditsp€jas palielinaSanas péc
apstaroSanas ar lazeru ar intensitati Iy = 3.2 MW/cm?2. Vienlaicigi fotoluminiscence
spektros tika konstatéts brivo eksitonu intensitates pieaugums un dzila [imena emisijas
joslas intensitdtes samazina$ands. Sie rezultdti liecina par ZnO kristdla kvalitates
uzlabosanos. Tas nozime, ka lazera starojums ar intensitati Iy, = 3.2MW/cm? ir
pirmais laz€ra intensitates slieksnis, pie kura ZnO kristala kvalitate sak pasliktinaties.
Palielinot lazera starojuma intensitati virs Igp, = 212.0 MW/cm?, uz apstarotas virsmas
noverota plaisu veidosanas. Pie tam ZnO vaditspgja turpina palielinaties un parsniedz
sakotngjo vértibu 300 reizes. ST lazera starojuma intensitate ir ZnO kristala bojajumu
otrais slieksnis. Kopgja fotoluminiscences intensitate strauji samazinas, it Ipasi ap
plaisam. Turpmaka lazera starojuma intensitates palielinasana Ilidz Ip; = 290.0
MW/cm? noved pie "melna ZnO" veidoSanas uz apstarotas kristala virsmas, ko var
redzet ar neapbrunotu aci. To izraisa Zn nanodalinu veidoSanas ar diametru 40 nm.
ZnO kristala optisko un elektrisko Tpasibu izmainas péc apstaroSanas ar Nd:YAG
lazera starojumu var izskaidrot ar telpisku Zn starpmezglu atomu generaciju un
pardali. "Melnais ZnO" veidojas tadel, ka pie noteiktas Zn starpmezglu atomu
koncentracijas notiek to aglomeracija.

FORMATION OF Zn NANOPARTICLES IN ZnO CRYSTAL BY Nd:YAG
LASER RADIATION: EXPERIMENTS, MODEL AND APPLICATION

Arttrs Medvids, Pavels Onufrijevs, Edvins Dauksta
Institute of Technical Physics, Faculty of Materials Science and Applied Chemistry, Riga
Technical University

The increase of ZnO single crystal conductivity up to 270 times after irradiation by
Nd:YAG laser was observed. At the same time, the improvement of ZnO crystal
quality by laser intensity 3.2 MW/cm® takes place. The further increase of laser
intensity led to emergence of cracks on the irradiated surface of the crystal. At the
laser intensity 290.0 MW/cm® Zn nanoparticles were formed. The formation
mechanism of Zn nanoparticles by the laser is explained by Thermogradient effect.
According to the effect, laser radiation leads to generation and redistribution of point
defects. In our case, the generation of zinc interstitials (Zn;) and zinc vacancies (Vz,)
pairs takes place. It is explained by low formation energy of these defects in ZnO
crystal in comparison to other native point defects. Therefore, it is more likely that
during irradiation Vz, and Zn; are formed. The gradient of temperature field induced
by laser radiation leads to redistribution of the point defects and the drift of Zni atoms
to the irradiated surface of the sample takes place. This was proved by huge increase
of electrical conductivity up to 300 times. Moreover, the topography change was not
observed till laser intensity 290.0 MW/cm?. The increase of 7Zn; atoms’ concentration
at the irradiated surface of the sample at certain concentration leads to the
agglomeration of Zn; atoms forming Zn nanoparticles. The work was supported by
Latvian National Research Programme in Materials Science (IMIS?) (2014-2017).
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ANIZODIAMETERISKAS PILDVIELAS SVATURO§U POI:IMERU
NANOKOMPOZITU ELASTISKO IPASIBU MODELESANA

Roberts Maksimovsl, Juris J ansonsl, Tatjana Ivanovaz, Remo Merijs Meriz, Janis Zicans®
"Latvijas Universitates Materidlu mehanikas institiits
’Rigas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultdtes
Polimérmaterialu institiits

Dazadas formas anizodiametriskas pildvielas saturoSu termoplastisku polim&ru
kompozitu elastiskas un §ludes Tpasibas prognoz€tas ieveérojot gan nanokompozitu,
gan pasu nanodalinu struktiiras specifiku.

Paradits, ka nanokompozitu elastibas modulis un stipriba butiski pieaug, ievadot
nelielus iepriekSminéto nanopildvielu daudzumus izvel&tas polimeru matricas.
Plastific€tas cietes nanokompozitu elastibas modula pieaugums prognozets pielietojot
kompleksas uzbiives anizodiametriskas plakspveida nanodalinas saturoSu daudzfazu
sistému elastibas konstancu specifisku aprékina algoritmu.

Polietiléna nanokompozitu elastibas modula izmainas prognoz&tas pielietojot uz
mikromehanikas teorijas balstitu matematisko modeli, ieverojot cilindrisku
nanodalinu izkliedes kvalitati polim&ra matrica.

Nanokompozitu Sliides izturiba pétitaja laika perioda prognozéta saskana ar Findleja
pakapes vienadojumu.

Petijums finansiali atbalstits no Valsts pétijumu programmas Daudzfunkclonalie
Materiali un kompozitl, fotonika un nanotehnologijaS (IMIS?) lidzekliem

MODELING OF ELASTIC PROPERTIES OF ANISODIAMETRIC FILLER
CONTAINING POLYMER NANOCOMPOSITE ELASTIC PROPERTIES

Roberts Maksimovs', Juris Jansons', Tatjana Ivanova’, Remo Merijs Meri?, Janis Zicans®
!Institute for Mechanics of Materials, University of Latvia
*Institute of Polymer Materials, Faculty of Material Science and Applied Chemistry, Riga
Technical University

Elastic and creep properties of thermoplastic polymer composites reinforced with
vairious anisodiametric nanoadditives are predicted by considering both structural
hierarchy of the nanocomposites and the nanofillers itself.

It is shown that stiffness and strength of the nanocomposites significantly increase
upon introduction of minor amounts of the aforementioned nanofillers into the chosen
polymer matrices.

Gain in the modulus of elasticity of plasticized starch nanocomposites is predicted by
applying the algorithm of stage-by-stage calculation of the elastic constants of the
multiphase-systems containing anisometric plate-like nanoparticles with complex
structure.

Change of the modulus of elasticity of polyethylene nanocomposites is predicted by
applying the theoretical model based on micromechanics approach in consideration of
distribution quality of tubular nanoparticles within the polymer matrix.

Creep resistance of the nanocomposites in the investigated time frame is predicted
according to the Findley power law.

The financial support of the Latvian National Research Program IMIS® project is
greatly acknowledged.
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ELEKTROSTATISKA LAUKA IETEKME UZ OGLEKLA NANODALINU
SUSPENSIJAS VADAMIBU

Maris Knitel, Velta Tupureinaz, Inta Staltel, Kaspars Ozolsl, Artis Linartsl, Raimonds Orlovs!
'Rigas Tehniskas universitates Materialzinames un lietiskas kimijas fakultate Tehniskas
fizikas institits
2Rz_gas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultate
Polimermaterialu institiits

Saja darba pétita lidzstravas elektriskd lauka ierosindta oglekla nanodalinu
strukturé$anas silikonellas suspensijas. Izgatavotas silikonellas suspensijas ar
dazadam daudzsienu oglekla nanocauruliSu, elektrovadoSu oglekla kvépu un graféna
nanoplaks$nu koncentracijam un noteiktas suspensiju elektriskas pretestibas izmainas
laika pie dazadam elektrostatiska lauka intensitatém robezas no 50 V/cm lidz 250
V/cm. Ir konstatéts, ka, paral€li pieliktais elektriskais lauks ievérojami samazina
suspensiju elektrisko pretestibu, liecinot par elektriska lauka izraisitu oglekla
nanodalinu orienté€Sanos lauka virziena. Darba apliikota arT silikonellas viskozitates
ietekme uz elektriska lauka izraisito oglekla nanodalinu orientaciju lauka virziena.
Apkopojot rezultatus, tika izdariti secingjumi par lidzstravas elektriska lauka izraisitu
oglekla nanodalinu orientéSanos silikonellas suspensijas. legitie rezultati tiks
izmantoti orientetu polimeéru/oglekla nanodalinu kompozitu izgatavoSanas
tehnologijas izstradei.

INFLUENCE OF ELECTROSTATIC FIELD ON CARBON NANOPARTICLE
SUSPENSION CONDUCTIVITY

Maris Knite', Velta Tupureinaz, Inta Stalte’, Kaspars Ozolst, Artis Linartst, Raimonds Orlovs!
"Institute of Technical Physics, Faculty of Material Science and Applied Chemistry, Riga
Technical University
*Institute of Polymer Materials, Faculty of Material Science and Applied Chemistry, Riga
Technical University

Direct current electrical field induced formation of an electrically conductive network
in carbon nanoparticle/silicone oil suspensions were studied in this work. Suspensions
with various concentrations of multi wall carbon nanotubes, conductive carbon black
and graphene nanoplatelets were made and electrical resistivity change in time were
determined at various electrostatic field intensities from 50 V/cm to 250 V/cm. It has
been observed that electrical field significantly reduces electrical resistance of
suspensions in field direction indicating that orientation of carbon nanoparticles takes
place in silicone suspensions. The influence of silicone oil viscosity on electrical field
induced orientation of carbon nanoparticles has been studied as well.

Based on these results the impact of electrical field induced carbon nanoparticle
orientation in suspensions has been evaluated. These results will be used to produce
orientated polymer/carbon nanoparticle composite manufacture.

The financial support of National program IMIS? (Y8098.1) is greatly acknowledged.
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KIMISKI OKSIDETA UN REDUCETA TERMISKI EKSFOLIETA GRAFITA,
GRAFITA PARSLU UN PULVERA IPASIBAS SALIDZINAJUMA AR
KOMERCIALI PIEEJAMU GRAFENA OKSIDU

Astrida Bérzina!, Velta Tupureinaz, Raimonds Orlovs', Dmitrijs Saharovs', Juris Bitenieks?,
Maris Knite'
'Rigas Tehniskas universitates Materidlzindames un lietiskas kimijas fakultates Tehniskas
fizikas institiits
2Rl_gas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultates
Polimérmaterialu institiits

Grafens ir misdienas plaSi aprakstits materials, kura lielu apjomu iegiiSana ir
problematiska. Saja darba ir apliikota ta iegfiSana kimiska cela no dazadas makro-
struktliras grafita izejvielam un savstarpgji salidzinatas iegtito reducéto graféna oksidu
Tpasibas.

Izmantotas grafita izejvielas ir grafita parslas, pulveris un termiski eksfoliéts grafits,
kuras tika oksid€tas p&€c modific€tas Hummera (Hummer’s) metodes ar sekojoSu
reduc@sSanu, izmantojot natrija borhidridu. Iegiito paraugu elektriska pretestiba, dalinu
izméra sadalfjums, Zeta potencials un Ramana spektri ir salidzinati ar komerciali
pieejamu graféna oksidu, kas tika reducéts péc tas paSas metodes.

legiitie rezultati rada, ka termiska priekS-eksfoliacija nodroSina vislabako grafita slagu
atdaliSanos oksidacijas procesa, ka ar1 reduc€Sanas procesa beigas iegiist materialu ar
labaku elektrovaditsp&ju neka reducétajam komercialajam graféna oksidam.

CHEMICALLY OXIDIZED AND REDUCED THERMALLY EXFOLIATED
GRAPHITE, GRAPHITE FLAKE AND POWDER PROPERTIES
COMPARED TO COMMERCIALLY AVAILABLE GRAPHENE OXIDE

Astrida Berzina', Velta Tupureinaz, Raimonds Orlovs', Dmitrijs Saharovs', Juris Bitenieks?,
Maris Knite'
!Institute of Technical Physics, Faculty of Materials Science and Applied Chemistry, Riga
Technical University
2Institute of Polymer Materials, Faculty of Materials Science and Applied Chemistry, Riga
Technical University

Graphene is a scientifically interesting material, whose bulk production to this day on
is still difficult to achieve. In this work we look at its production through chemical
ways using different macro-structure graphite raw materials. The resulting samples
are characterized and compared between a commercially available graphene oxide.
The raw materials — graphite flakes, graphite powder and thermally exfoliated
graphite are oxidized using modified Hummer’s method and subsequently reduced
with sodium borohydride. The acquired reduced graphene oxide samples electrical
conductivity, particle size distribution, Zeta potential and Raman spectra are
compared with commercially available graphene oxide, which was reduced by the
same method as stated previously.

The results show that the best exfoliation in the oxidation process is achieved with
thermal pre-exfoliation as well as the best electrical conductivity for the reduced
sample — even better as the reduced commercially available graphene oxide.

This study has been supported by the Latvian National Research Programme in
Materials Science IMIS®.
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PORAINAS TITANA DIOKSIDA KERAMISKAS PAMATNES KAULAUDU
REGENERACIJAI

Inga Narkevica, Lauma Bugovecka, Laura Stradina, Jurijs Ozolins, Liga Bérzina-Cimdina

Rudolfa Cimdina Rigas Biomateridalu inovaciju un attistibas centrs, Visparigas kimijas
tehnologijas institits, Materialzinatnes un lietiskas kimijas fakultate, Rigas Tehniska
universitate

Kaulaudu regeneracija izmantotam porainam pamatném nepiecieSams nodroSinat
telpu jaunu kaulaudu ieaugSanai un vaksularizacijai, veicinat $tinu piesaistiSanos un
proliferaciju, ka arm nodrosinat mehanisko stabilitati. Tad¢] idealam pamatném jabiit
augsti porainam, ar trisdimensialu savienotu un atvértu poru struktiru. Viens no
materialiem, ko var izmantot pamatnu iegiiSanai, ir TiO, keramika, jo td uzrada
augstakas mehaniskas pasibas salidzinajuma ar citiem keramiskiem materialiem,
biosaderibu un osteokonduktivitati.

Petijuma merkis bija porainu TiO, keramisko pamatnu iegtiSana un modific€Sana ar
potencialu pielietojumu kaulaudu inZenierija, uzsvaru liekot uz to mehaniskajam
ipasibam un mikrostruktiiru. Porainas TiO, pamatnes iegiitas izmantojot replikas
metodi. Analiz&ta TiO, Slikera iegtiSanas tehnologijas un talakas termiskas apstrades
ietekme uz materiala fizikalajam IpaSibam. Izmantojot replikas metodi, iegitas
porainas TiO, pamatnes ar porainibu virs 85%, poru izmeru virs 100 pm un atvertu un
savstarp€ji savienotu poru struktiiru.

POROUS TITANIUM DIOXIDE CERAMIC SCAFFOLDS FOR BONE
TISSUE REGENERATION

Inga Narkevica, Lauma Bugovecka, Laura Stradina, Jurijs Ozolins, Liga Berzina-Cimdina
Rudolfs Cimdins Riga Biomaterials Innovations and Development Centre of RTU, Institute of
General Chemical Engineering, Faculty of Materials Science and Applied Chemistry, Riga
Technical University

Scaffolds used for bone tissue regeneration should provide void volume for new tissue
formation and vascularisation, ensure cell attachment/proliferation and they must
show suitable mechanical properties in order to repair non-healing or critical size
bone defects. Thus, an ideal scaffold should be three-dimensional and highly porous
with an interconnected pore network. One of materials that can be used for highly
porous scaffold production is TiO, ceramic due to its excellent mechanical properties
compared to other ceramic materials, biocompatibility and good osteoconductivity.
The aim of present research was focused on the preparation and modification of novel
tissue engineering scaffolds with suitable mechanical properties and favourable
microstructure based on porous TiO, ceramic. Porous TiO, scaffolds were produced
via polymer foam replica method. The impact of TiO, slurry processing parameters
and thermal treatment on physical properties of obtained scaffolds was evaluated.
Using replica method porous TiO, ceramic with porosity >85% and pore size >100
pm were obtained. Scaffolds showed fully open and interconnected pore structure.
This work has been supported by the National Research Programme No. 2014.10-
4/VPP-3/21  “Multlfunctional Materials and composltes, photonicS and
nanotechnology (IMIS?)” Project No. 4 “Nanomaterials and nanotechnologies for
medical applications”.
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KALCIJA FOSFATU DIZAINS UN SINTEZES OPTIMIZACIJA
BIOMEDICINISKAM PIELIETOJUMAM

Liga Stipniece, Jana VecstaudZa, Vita Zalite, Kristine §a1ma-Anca'me, Dagnija Loca,
Liga Bérzina-Cimdina
RTU Rudolfa Cimdina Rigas Biomaterialu inovaciju un attistibas centrs, Visparigas kimijas
tehnologijas institits, Materialzinatnes un lietiskas kimijas fakultate, Rigas Tehniska
universitate

NepiecieSamiba péc materialiem cilvéku dzives kvalitates uzlaboSanai rada
pieprasijumu péc inovativu un funkcionalu biomaterialu izstrades ar specifiskam
Tpasibam cieto audu patologiju profilaksei, arstéSanai un regeneracijai. Kalcija fosfati
(CaP), ipasi hidroksilapatits un p-trikalcija fosfats, uzradot lielisku biologisko
saderibu, bioaktivitati vai biorezorbciju, radusi plaSu pielietojumu ka
aizvietotajmateriali sejas un Zzok]u, rekonstruktivaja kirurgija, zobarstnieciba un
ortopedija. Petljumu mérkis ir pielagot CaP fazu un kimisko sastavu, ka arl
mikrostruktiiru specifiskam cieto audu biologijas un metabolisma prasibam.
Izmantojot modificEtu kimiskas nogulsnéSanas metodi, realizéta tadu organismam
labveligu neorganisko elementu ka Mg, Sr un/vai F ieklausana CaP strukttra, ar mérki
uzlabot So materialu bioaktivitati. Veikti petfjumi nanokristalisku un amorfu CaP
iegiisanas tehnologiju izstradé. Izvertéts modificétu CaP potencials pielietojumam
zobu pastu piedevu veida emaljas remineralizacijas procesu veicinasanai.

OPTIMIZATION OF THE SYNTHESIS AND DESIGN OF CALCIUM
PHOSPHATES FOR BIOMEDICAL APPLICATIONS

Liga Stipniece, Jana VecstaudZa, Vita Zalite, Kristine Salma-Ancane, Dagnija Loca,
Liga Bérzina-Cimdina
Rudolfs Cimdins Riga Biomaterials Innovations and Development Centre of RTU, Institute of
General Chemical Engineering, Faculty of Materials Science and Applied Chemistry, Riga
Technical University

A demand for materials to improve the quality of life concerns the innovative use of
specially designed biomaterials for the repair and reconstruction of diseased or
damaged hard tissues. Calcium phosphates (CaP), such as hydroxyapatite and f-
tricalcium phosphate, are biocompatible, bioactive or bioresorbable and, thereby,
considered to be promising bone replacement materials and are widely used in
stomatology, cranio-maxillofacial and orthopaedic surgery. Researches goal is to
select and/or combine CaP phase, chemical composition and microstructure to tailor
their physicochemical properties and their stimulating effect on hard tissues
regeneration for various biomedical applications.

We have designed different CaP materials containing ionic substitutions such as Mg,
Sr and/or F, which have been proposed as a tool to improve biological performance of
CaP. The effort of researches is also put on production and characterization of
nanocrystalline and amorphous CaP. Moreover, evaluation of modified CaP for
enhancement of tooth enamel remineralisation has been performed.

This work has been supported by the National Research Programme No. 2014.10-
4/VPP-3/21“Multlfunctional ~ Materials and  composltes, photonicS  and
nanotechnology (IMIS?)” Project No. 4 “Nanomaterials and nanotechnologies for
medical applications”.
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BIONOARDAMI KOMPOZITMATERIALI UZ POLIMERU UN KALCIJA
FOSFATU BAZES MEDICINISKAM PIELIETOJUMAM: IZSTRADES
TEHNOLOGIJAS UN RAKSTUROJUMS

Marina Sokolova, Liga Stipniece, Anna Vojevodova, Aleksandrs Mirospikovs,
Kristine Salma-Ancane, Janis Logs, Liga Bérzina-Cimdina
RTU Riidolfa Cimdina Rigas Biomaterialu inovaciju un attistibas centrs, Visparigas kimijas
tehnologijas institits, Materialzinatnes un lietiskas kimijas fakultate, Rigas Tehniska
universitate

Aktuals biomaterialu pétniecibas virziens ir radit implantmaterialus, kas stimul&tu
specifisku $tnu piesaisti un audu regeneraciju implantéSanas vieta. Lidz ar to p&dgjo
desmit gadu laika neorganisku/organisku kompozitmaterialu uz kalcija fosfatu (CaP)
un biosaderigu poliméru bazes izstrade un ipaSibu izpéte, ir nozimigs pé€tniecibas
virziens kaulaudu inZenierija. Tadiem kompozitmaterialiem ir potencials pielietojums
arm kontrolétas izdaliSanas lokalas zalu, piem&ram, antibiotiku, piegades sist€ému
izveide kaulu slimibu arsteésanai.

P&tfjumu mérkis ir veikt bionoardamu kompozitmaterialu uz biosaderigu poliméru un
CaP bazes tehnologiju izstradi, ka ari sastava un struktiiras pielago$anu specifiskam
mediciniskam pielietojumam.

Veikta dazadu CaP un biosaderigu poliméru, pieméram, CaP/polivinilspirta, CaP/e-
polilizina,  CaP/polilaktata, = CaP/polikaprolaktona  u.c.,  kompozitmaterialu
izgatavosana un kompleksa raksturoSana, ar mérki uzlabot So materialu
bionoardisanos, kontrol&tas izdaliSanas lokalas zalu piegades sistému nestsp&ju, ka art
mehaniskas Tpasibas.

DEVELOPMENT AND CHARACTERIZATION OF BIORESORBABLE
COMPOSITES BASED ON POLYMERS AND CALCIUM PHOSPHATES
FOR MEDICAL APPLICATION

Marina Sokolova, Liga Stipniece, Anna Vojevodova, Aleksandrs Mirospikovs,
Kristine Salma-Ancﬁne, Janis Locs, Liga Bérzina-Cimdina
Rudolfs Cimdins Riga Biomaterials Innovations and Development Centre of RTU, Institute of
General Chemical Engineering, Faculty of Materials Science and Applied Chemistry, Riga
Technical University

The developing field of biomaterials is focused on creation of novel implantmaterials
which can provoke specific cellular responses and direct tissue regeneration. In last
decade, fabrication and investigation of inorganic-organic composites based on
calcium phosphates (CaP) and biocompatible polymers has attracted research interest
in the field of bone tissue engineering. These composites have potential application in
developing of controlled release drug delivery systems.

Research goal is to develop advantageous preparation technologies of biodegradable
composites based on the CaP and biocompatible polymers, as well to adjust
composition and structure of the composites for specific medical applications.
Preparation and characterization of various CaP/polymer composites, e.g.,
CaP/polyvinyl alcohol, CaP/e-polylysine, CaP/polylactic acid, CaP/polycaprolactone
etc. for enhanced biodegradability, drug-loading capacity, and toughness/flexibility
etc. will be discussed.

This work has been supported by the National Research Programme No. 2014.10-
4/VPP-3/21“Multlfunctional ~ Materials and  composltes, photonicS  and
nanotechnology (IMIS?)” Project No. 4 “Nanomaterials and nanotechnologies for
medical applications”.
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AR DZIRKSTELIZLADES PLAZMAS SAKEPINASANAS METODI
IEGUTAS Sb AIZVIETOTAS SnO, KERAMIKAS TERMOELEKTRISKAS
IPASIBAS

Kristaps Rubenis, Janis LocCs
Rigas Tehniskas universitates Visparigas kimijas tehnologijas institiits

Ar dzirkstelizlades plazmas sakepinaSanas metodi iesp&jams iegtt blivu keramiku no
gruti sakepinamiem materialiem, ka ar1 veidot mikrostruktiiras, kuras var uzlabot
materiala termoelektriskas Tpasibas.

Saja pétijuma raksturotas ar dzirkstelizlades plazmas sakepinaSanas metodi iegiitas
Sny xSb,O, (x =0, 0.01, 0.03, 0.05) keramikas termoelektriskas Tpasibas pirms un péc
atkv€linasanas gaisa vidg.

Ar dzirkstelizlades plazmas sakepinasnas metodi iegiitas Sn;SbyO, keramikas
relativais blivums visu kompoziciju gadijuma parsniedz 90%. Sb pievienoSana biitiski
ietekm& sakepinato paraugu mikrostruktiru un termoelektriskas Ipasibas. Vidgjais
graudu izmérs samazinas un mikrostruktiiras homogenitate pieaug, palielinoties Sb
daudzumam paraugos no x = 0.01 Iidz 0.05. Sb pievienoSana uzlabo SnO,
termoelektriskas Tpasibas. Tapat atkvElinaSna gaisa videé bitiski uzlabo ar
dzirkstelizlades plazmas sakepinaSanas metodi iegiitas Sn;,SbyO, keramikas
termoelektriskas 1pasibas. Augstako termoelektrisko efektivitati ZT = 0.06 pie 1073K
uzrada Sng g9Sbg 910, paraugs, kur§ péc sakepinasanas atkvelinats gaisa vide.

THERMOELECTRIC PROPERTIES OF SPARK PLASMA SINTERED Sb
SUBSTITUTED SnO, CERAMICS

Kristaps Rubenis, Janis Locs
Institute of General Chemical Engineering, Riga Technical University

Spark plasma sintering gives a possibility to densify difficult-to-sinter materials and
allows to obtain microstructures that can enhance thermoelectric properties of the
material.

In this study, we investigated thermoelectric properties of the spark plasma sintered
Sn;xSbxO; (x =0, 0.01, 0.03, 0.05) ceramics before and after post-sintering annealing
under air.

Relative density of all spark plasma sintered Sn;xSbyO, samples exceeds 90%. Sb
substitution greatly affects the microstructure and thermoelectric properties of the
samples. Grain size decreases and microstructural homogeneity increases with
increasing Sb content in the samples from x = 0.01 to 0.05. Sb substitution enhances
the thermoelectric properties of pristine SnO,. Additionally, post-annealing greatly
improves the thermoelectric performance of the spark plasma sintered samples. The
highest thermoelectric figure of merit of ZT = 0.06 at 1073K shows the post-sintering
annealed sample with composition Sng g9Sbg 01O.
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