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Tendences un izaicinajumi cietvielu fizikas joma: Latvijas Universitates
Cietvielu fizikas institiita perspektiva

Andris Sternbergs
Latvijas Universitates Cietvielu fizikas institiits

Latvijas Universitates Cietvielu fizikas institits (LU CFI) ir vadoSais institits
materialzinatné Baltijas jiiras regiona. Zinatniska kapacitate un pé&tnieciski inovativa
ekosistéma Sobrid tiek attistita caur Moderno materialu pétniecibas un tehnologiju
parneses projektu “CAMART?”. Strateégiski pilnveértigai attistibai tiek identificétas
nakotnes tehnologiskas tendences, jaunie materiali un izaicinajumi, kuru risinasanai
LU CFI veido stratégiju un pétniecibas programmu laika periodam 2020-2023-2027.
Darbiba tiek planota veidojot vertibas k&des, kas rezultgjas ar tirgum piemerotu
produktu vai pakalpojumu izstradi. Tas ir intensivs zinatnieku koprades process, kura
gaita dokumenti tiek sinhronizeéti ar FEiropas Komisijas planiem un zinatnes
finans€juma ietvarprogrammam, it ipasi ar gaidamo “Apvarsnis Eiropa” programmu.
Procesa piedalas LU CFI Starptautiska padomdev&ju komiteja, lai nodroSinatu
planosanas dokumentu sazobi ar pasaules tendenceém.

Trends and Challenges in Solid State Physics: Perspective of the Institute of
Solid State Physics, University of Latvia

Andris Sternbergs
Institute of Solid State Physics, University of Latvia

The Institute of Solid State Physics, University of Latvia (ISSP UL) is the leading
institute of material science in the Baltic Sea region. Scientific capacity and the
research and innovation ecosystem are currently being developed through the Center
of Advanced Material Research and Technology Transfer project “CAMART?”. For
strategic and full-fledged development future technological trends, new materials and
challenges are being identified and ISSP UL develops a strategy and research program
for the period 2020-2023-2027 for tackling them. The activity is planned by creating
value chains that result in a marketable products or services. It is an intensive co-
creation process by scientists where plans are being synchronized with those of the
European Commission and their science funding framework programs, especially
with the upcoming “Horizon Europe”. International Advisory Board of ISSP UL
participates in the process to ensure that the planning documents are in line with
global trends.
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Ar hlora piemaisijumiem saistita optiska absorbcija un fotokimiskas reakcijas
sintétiskaja SiO; stikla
Linards Skuial, Nadege Ollier?, Ivita Bite!, Katrina Laganovskal, Kri§janis Smits*
Latvijas Universitates Cietvielu fizikas institiits
Laboratoire des Solides Irradiés, Université Paris Saclay, Ecole Polytechnique

SiO, stikls ir galvenais optiskais materials pielietojumiem vidgjaja (A<300nm,
hw>4 eV) un dzilaja (Iidz 160 nm) ultravioletaja (UV) spektralajos apgabalos. Ta
optiskas absorbcijas spektri $aja apgabala ir sarezgiti, galveno ieguldijumu dod
skabekla un silicija norautas saites. Ka sekas sintézei no SiCly, Sajos stiklos biezi
atrodami hlora piemaisijumi =Si-Cl grupu vai starpmezglu Cl, molekulu forma. To
ieguldijums optiskas absorbcijas spektros lidz $im nav labi izprasts. Nesen tika atrasts
[1], ka Cl-saturosa SiO, stikla UV apstaro$ana induc€ jaunu Ramana izkliedes liniju
pie 955 cm ™, kura norada uz CICIO starpmezglu molekulu veidosanos. Misu darba ir
paradits, ka 8$is process rada jaunu UV absorbcijas joslu pie 4.7 eV, kura dod
ieguldijumu kopigaja solarizacijas raditaja absorbcija hloru saturoSos SiO; stiklos.
Tika atrasts, ka notiek energijas parnese no fotoierosinatam Cl, molekulam tripleta
stavoklT uz starpmezglu O, molekulam, kas pierada, ka abas molekulas var atrasties
tuvu kopa nanoizmeéra starpmezglu dobumos SiO; stikla tikla struktara.

Chlorine impurities-related optical absorption and photochemical reactions in
synthetic glassy SiO..
Linards Skuja’, Nadége Ollier?, Ivita Bite', Katrina Laganovska®, Krigjanis Smits
YInstitute of Solid State Physics, University of Latvia
2I aboratoire des Solides Irradiés, Université Paris Saclay, Ecole Polytechnique, France

Synthetic SiO, glass is the dominant optical material for applications in the medium
(A<300 nm, hw>4 eV) to deep ultraviolet (down t0o160 nm) spectral ranges. Its optical
absorption spectrum there is complex; the main contributors are dangling oxygen- and
silicon bonds. Chlorine impurities in the form of =Si-Cl groups or interstitial Cl, are
often present due to the synthesis from SiCly; their contribution is not well-understood.
It was recently shown, that UV-irradiation of Cl-containing glass gives rise to a new
Raman line at 955 cm™*, which can be attributed to formation of interstitial CICIO
molecules [1]. The present study demonstrates that this process gives rise to an
additional optical absorption band at 4.7 eV, which contributes to the overall
solarization-induced absorption in Cl-containing glasses. An energy transfer between
photoexcited triplet Cl, and interstitial O, molecules was detected, indicating that both
molecules can be located closely together in nanosized voids in the structure of SiO,
glass network.

[1] L. Skuja, K. Kajihara, K. Smits, A. Silins, H. Hosono, J. Phys. Chem. C121
5261(2017).

This work was supported by Latvian Science Council grant 1zp-2018/1-02809.
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Piroelektrisko kristalu energijas parnesana luminoforiem

Anatolijs Truhins, Laima Trinklere, Aleksejs Zolotarjovs
Latvijas Universitates Cietvielu fizikas institiits

Tika pétiti piroelektrisko kristalu LiGaO,, Li,GeOs, LiINbO3 un Li,B4O7 elektriskie un
luminiscences signali. Tika konstatéts ka dzes€Sanas / sildiSanas gaita elektriskie
impulsi korelé ar luminiscences impulsiem piroelektriska efekta del. Elektriska
reakcija tika izskaidrota ar elektronu emisiju. Eksperimenta tika parbaudits, vai
piroelektrika efekta izraisita elektronu plisma var ierosinat luminoforu luminiscenci.
Luminofori ScPO,4, SiO,, CsJ tika piestiprinati pie dazadiem piroelektriskiem
kristaliem. Energijas parneses process tika pétits dzes€Sanas / sildiSanas gaita, méerot
luminiscences spektrus un dzisanas Kkinétiku. Dazos piroelektrisko kristalu un
luminoforu kombinaciju gadijumos bija iesp&ams noverot gan luminofora
luminiscences spektrus, gan atbilstoSo dzisanas kinétiku, pieméram, Li,B4,O7 un
ScPO, kombinacijai tika noveérots spektrs ar autolokalizéta eksitona un retzemju
aktivatoru joslam, un kinétiku, kas ir raksturiga luminoforam. Citos gadijumos bija
iesp&jams iegut tikai luminiscences kingtikas liknes, kas atbilst luminoforu
luminiscences centriem (ar varu un sudrabu legétos kvarca kristalos, silicija stiklos ar
germaniju un CsJ-TI). Sadu pieeju var izmantot luminoforu luminiscences izpétei, ja
nav iesp&jas izmantot parastas ir ierosinaSanas metodes.

Energy transfer from pyroelectric crystals to attached phosphors

Anatolij Trukhin, Laima Trinkler, Aleksejs Zolotarevs
Institute of Solid State Physics, University of Latvia

Electric and luminescence responses of pyroelectric crystals: LiGaO,, Li,GeOs,
LiNbO; and Li,B4O; and Li,B,O; were studied. Correlation of electric and
luminescence pulses in cooling/heating runs due to pyroelectric effect was found.
Electric signal was interpreted as electron emission. An attempt was done to excite
luminescence of phosphor samples by electrons emitted from surface of pyroelectric
crystals. For this experiment phosphors ScPQO,4, SiO,, CsJ were chosen. Energy
transfer from the pyroelectric crystals caused luminescence of the phosphors. Spectra
and kinetics of phosphor luminescence were compared with the known parameters of
their photoluminescence. In some cases of pyroelectric crystal and phosphor
combination it appeared possible to detect both luminescence spectrum and
corresponding decay kinetics. One of such examples is combination of Li,B40;
crystal and ScPO,4 phosphor, demonstrating luminescence of self-trapped exciton and
rare-earth activators with decay parameters characteristic for photoluminescence of
the phosphor. In other cases it was possible only obtain decay kinetic curves of
luminescence, which corresponded to luminescence centers of the phosphors (copper
and silver doped quartz crystal, silica glass with germanium and CsJ-TI). Pyroelectric
effect can be used for study of luminescence of phosphors in the case when the usual
method of excitation is unavailable.

The financial support of the Latvian Science Council Grant No. Izp-2018/1-0361 is
greatly acknowledged.
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a-kvarca kristala un kvarca stikla luminiscence,
ierosinata ar ArF (193 nm) un KrF (248 nm) eksiméru lazeriem

Anatolijs Truhins
Latvijas Universitates Cietvielu fizikas institiits

a-kvarca kristala un SiO, stikla luminiscence tika pétita ar fokus€tu lazera ierosmi.
Tika atrasts, ka kristaliskaja a-kvarca autolokalizéta eksitona (AE) luminiscences
intensitate, kas ierosinata ar KrF (248 nm) eksimé@ra lazeru divu fotonu rezima, ir
daudz zemaka neka ta, ko ierosina ar ArF (193 nm) lazeru. KrF (248 nm) lazera
ierosmes gadijuma ir redzama galvenokart luminiscence, kas ir tuvu virsmai. Sai pie-
virsmas luminiscencei ir emisijas josla, kas lidziga AE luminiscencei tilpuma.
Temperatiiras dz&$ana arT ir Iidziga, tapéc §1 luminiscence tiek attiecinata uz AE, kas
veidojas virsmas tuvuma. Virsmas AE luminiscences dzi$anas kiné&tika ir garaka neka
tilpuma AE kinétika (desmitiem ms salidzinajuma ar 1 ms pie T=80 K). Tiek
pienemts, ka elektroni vai / un caurumi autolokaliz&jas pie virsmas. To rekombinacija
varétu nodros$inat ilgaku virsmas STE luminiscences ilgumu.

Il tipa kvarca stikla luminiscence ar KrF (A=248 nm) lazera ierosmi ir lidziga
ieprieks pétitajai AE luminiscencei kvarca stikla, ko ierosina ar elektronu staru.

Luminescence of a-quartz crystal and silica glass under excitation of excimer
lasers (ArF (193 nm), KrF (248 nm))

Anatolij Trukhin
Institute of Solid State Physics, University of Latvia

Luminescence of crystalline a-quartz and silica glass was studied under focused laser
excitation. It was found that in crystalline a-quartz the luminescence intensity of self-
trapped exciton (STE) excited with KrF (248 nm) excimer laser in two-photon regime
is much lower than that excited with ArF (193 nm). In the case of KrF (248 nm) laser
excitation mainly luminescence related to near surface area is seen. The near surface
luminescence has an emission band similar to that of STE in bulk. Temperature
quenching is also similar, therefore this luminescence is attributed to STE created in
the area of surface. Luminescence decay kinetic of surface STE is longer than bulk
STE decay (tens of ms compared to 1 ms at 80 K). Electron or/and hole self-trapping
near the surface is assumed. Their recombination could provide longer duration of
surface STE luminescence.

The type 111 luminescence of quartz glass with laser excitation KrF (248 nm) is
similar to the AE luminescence of quartz glass excited by electron beam.

The financial support of the Latvian Science Council Grant No 1zp-2018/1-0289 is
greatly acknowledged.
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Cinka jonu ietekme uz Cu;.xZnxMoQO; cieto Skidumu struktiiru un
termohromajam ipasibam

Inga Jonane, Arturs Cintins, Andris Anspoks, Aleksandrs Kalinko, Aleksejs Kuzmins
Latvijas Universitates Cietvielu fizikas institiits

Molibdati ar visparigo formulu A**Mo00; veido plasu funkcionalo materialu klasi.
Starp tiem vara molibdats (CuMoQO,) ir izpelnijies Tpasu uzmanibu, pateicoties ta
termohromajam un pjezohromajam IpaSibam. Savukart, cinka molibdats (ZnMoQ,) ar
izomorfu struktiiru ir baltais pigments, kam piemit arT luminiscence.

CuMoO, termohromas 1pasibas ir ciesi saistitas ar
pirma veida fazu pareju starp o un y fazém, kuru
raksturo histeréze temperattiru intervala ~100-300K.
Mainot CuMoOj, sastavu (pieméram, aizstajot Mo®"
ar W® vai Cu®* ar Zn?"), iesp&jams mainit
materiala struktiiru un ietekmét ta optiskas 1pasibas.
Saja  darba tika  veikti  rentgenabsorbcijas :
spektroskopijas eksperimenti sinhrotrona PETRA 0 50 100 150 200 250 300
11 CuyxZnyMoO; cieto Skidumu sérijai vara, cinka Temperature T (K)

un molibdéna lokalas struktiiras pétijumiem atkariba no temperatiiras (T=20-300K) un
cinka koncentracijas (x=0-1.0). Tika pétita cinka jonu ietekmi uz CuMoO,
termohromajam Tpasibam un noskaidrots, ka pie zemas Zn®" koncentracijas (x=0.10)
iesp&jams noverot fazu parejas histerézi, kas pabidita uz zemakam temperatiiram
(attela), savukart, lielaka Zn“" koncentracija stabilizé a-fazi visa zemo temperatiiru
diapazona.
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The influence of zinc ions on the structure and thermochromic properties of
Cu1-xZnxMoO; solid solutions

Inga Jonane, Arturs Cintins, Andris Anspoks, Aleksandr Kalinko, Alexei Kuzmin
Institute of Solid State Physics, University of Latvia

Molybdates with general formula A**MoO, form a wide class of functional materials.
Among them, copper molybdate (CuMoO,) has attracted great interest because of its
thermochromic and piezochromic properties. At the same time, zinc molybdate
(ZnMoQ,) with isomorphic structure is a white pigment with luminescence properties.
Thermochromic properties of CuMoQO, are related to the first-order phase transition
between a and y phases with hysteresis behaviour in the temperature range ~100-
300K. A change of the CuMoO, composition (for instance, substituting Mo®* with
W*®* or Cu?** with Zn**) leads to changes in the structure and optical properties of the
material.

In this study, we performed X-ray absorption spectroscopy experiments at
synchrotron PETRA 111 for a series of Cu;«ZnxMoQ, solid solutions to investigate the
local structure of Cu, Zn, and Mo ions as a function of temperature (T=20-300K) and
compostion (x=0-1.0). We found that at low Zn*" concentration (x=0.10) phase
transition hysteresis shifts to lower temperatures (see figure), while larger Zn®*
concentration stabilizes a-phase in all low-temperature range.

The financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZ/2019/1 realized at the Institute of Solid State Physics, University of
Latvia is greatly acknowledged.
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MgO un Mg,Zn; O cieta skiduma reZga svarstibu aprékini

Ciro F. Tipaldi, Jevgenijs Gabrusenoks
Latvijas Universitates Cietvielu fizikas institiits

Petijuma gaita apskatiti MgO un MgyZn; 4O cietais Skidums, modeléta kristaliska
rezga dinamika izmantojot klasisko molekulardinamikas aprékinu metodi. Aprékinos
galvenokart izmantota programma GULP. Aprekinos izmantots Bekinghema
starpatomaras mijiedarbibas potencials. Piemekléti starpatomaras mijiedarbibas
potenciala parametri dazadiem jonu ladiniem, izmantojot no pirmajiem principiem
(programma CRYSTAL) aprékinatas kristallrezga svarstibu frekvences. legiitie
potenciali lietoti, lai aprékinatu MgO un MgyZn;.xO cieto Skidumu fononu dispersijas
liknes un fononu stavoklu blivumu. Aprékini veikti dazadam Zn koncentracijam.

Ir salidzinati iegutie MgO aprékinu rezultati ar citu autoru publicétajiem
eksperimentalajiem un aprékinu rezultatiem. Darba izmantota klasisko aprékinu
metode pielauj apskatit liela izm@ra rezgus un loti dazadas piejaukumu koncentracijas.
Pievienojot Zn, nav vérojamas lokalas modas arpus MgO fononu stavoklu apgabala.
Bﬁtiska§l izmainas ir noveérojamas stavoklu blivuma zemo frekvencu apgabala (100-
300 cm™).

Lattice dynamics calculations for MgO and Mg,Zn;_,O solid solution

Ciro F. Tipaldi, Jevgenijs Gabrusenoks
University of Latvia Institute of Solid-State Physics

In the course of this work MgO and the MgyZn;.xO solid solutions were studied by
modelling lattice dynamics, using the methods of classical molecular dynamics. The
main program used was General Utility Lattice Program (GULP). The Buckingham
potential was used for modelling interatomic forces. The parameters for this potential
were found for different effective ionic charges by using vibrational frequencies
obtained from ab initio calculations in the program CRYSTAL. With these potentials,
the dispersion relations and densities of states were calculated for MgO and
MgyxZn;xO. Calculations were made for different concentrations of Zn in the solid
solution.

The obtained results for MgO have been compared to the previous work done by other
researchers, both experimental and theoretical. The classical calculation method used
in this work allows for large crystallic structures and many different impurity
concentrations. By adding more Zn in the solution, no local vibrational modes are
observed, however, there is noticeable change in the low frequency region (100-300
cm™) of the DOS.

This work is supported by the M-Era.net research project ZMOMUVS.
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Erbija jonu lokala struktiira augSup-parveidota SrMoO,:Er®" fosfora

Aleksejs Kuzmins, Inga Jonane, Arturs Cintins, Andris Anspoks, Aleksandrs Kalinko
Latvijas Universitates Cietvielu fizikas institiits

Ar retzemju joniem dopéts stroncija molibdats
(SrMo0Qy) ar sheelita-tipa struktiru tiek pielietots gan
ka lazera aktiva vide, gan luminisc€joSos materialos.
Parasti tiek uzskatits, ka retzemju joni aizstaj stronciju,
tomer tieSie strukturalie eksperimenti to nekad nav
pieradijusi. Probléma ir saistita ar loti mazu dopéto
jonu koncentraciju (parasti zem 1-2 mol%).

Saja darba tiek izmantota sinhrotrona starojuma
rentgenabsorbcijas  spektroskopija, lai parbauditu
erbija jonu novietojumu SrMoQO, struktura. Er Lg
malas EXAFS spektru analize, izmantojot apgriezto
Monte-Karlo metodi, liecina, ka erbija joni atrodas
necentrala pozicija, nobiditi pa ¢ asi par Az ~ 0.5 A.

Local structure of erbium ions in upconversion SrMoO,4:Er** phosphor

Alexei Kuzmin, Inga Jonane, Arturs Cintins, Andris Anspoks, Aleksandr Kalinko
Institute of Solid State Physics, University of Latvia

Rare-earth ions doped strontium molybdate (SrMoQ,) with a scheelite-type structure
finds applications in laser-active media and luminescent materials. It is generally
believed that rare-earth ions substitute strontium, however, it was never proved by
direct structural experiments. The problem is related to a very small concentration of
the doping ions (usually below 1-2 mol%).

In this study, we used synchrotron radiation X-ray absorption spectroscopy to probe
the local environment around erbium ions in SrMoQO,. The analysis of the Er Ls-edge
EXAFS spectra using reverse Monte Carlo method suggests that erbium ions are
located in off-center position, being displaced along the c-axis by Az ~ 0.5 A.

Financial support provided by the LCS project 1zp-2019/1-0071 is greatly
acknowledged.
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Ilgspidosa luminescence piemaisijumus saturo$a AIN

Baiba Bérzina, Laima Trinklere, Guna Krieke, Guna Doke, Andris Antuzevics,
Anatolijs Sarakovskis, Meldra Kemere, Andris Fedotovs, Daina Riekstina,
Rihards Ruska, Janis Cipa
Latvijas Universitates Cietvielu fizikas institiits

Ilgspidosa luminiscence (PersL), kuras spidésana var ilgt daudzas stundas pec tas
ierosinasanas partraukSanas, ir aktuala dazado pielietojumu dél, kas ietver spidoSas
drosibas zimes, tumsa spidoSus objektus uc. Svariga nozime ilgspidosai luminiscencei
ir paredzama medicina un biologija, kur, cilvéka adas gaismas spektralas caurlaidibas
ipatnibu del, noteicosa ir sarkana gaisma. PaSreiz LU CFI tiek istenots jauns LZP
projekts MgSiOz: Mn?*, M (M=AI**, Ga**, In*"), kura mérkis ir izveidot jaunus un
efektigus ilgsgﬁdoéus, sarkano gaismu starojo$us materialus. Sim noliikam ir izvéléts
MgSiOs: Mn?*, M (M=AI**, Ga*, In*") materials. Pasreiz ir veikti pirmie soli §
uzdevuma realiz€$ana - Ir SintezEts pirmais materiala daudzums, un tam ir novérota
sarkana ilgspidosa luminiscence.

Piemaistjumus saturo$s AIN veido citu perspektivu un ilgspidoSu materialu grupu.
Misu iepriek$€jie AIN:Mn makro un nano pulveru pétijumi ir paradijusi, ka Mn
izraisitai sarkanai luminiscencei piemit PersL pasibas. Tiek pétiti tds mehanismi. Art
citu piemaisijumu, tadu ka Fe, Cr, retzemju elementi uc. loma PersL radiSana AIN
tiek analiz&ta, un ta tiks turpmak ar1 eksperimentali pétita.

Persistent luminescence of doped AIN

Baiba Berzina, Laima Trinkler, Guna Krieke, Guna Doke, Andris Antuzevics,
Anatolijs Sarakovskis, Meldra Kemere, Andris Fedotovs, Daina Riekstina,
Rihards Ruska, Janis Cipa
Institute of Solid State Physics, University of Latvia

Persistent luminescence (PersL) - a long lasting light emission reaching many hours
after ceasing of excitation source, is current for different applications including safety
signs, glow-in-the-dark decorations and especially for needs of medicine and biology,
where the red light is determinant due to peculiarities of light spectral transparency of
human skin. In the ISSP at LU there is running a new LSC Project with aim to
elaborate a novel and efficient material emitting red light persistent luminescence. For
this purpose MgSiOz: Mn**, M (M=AI**, Ga**, In®") has been chosen as one of the
most prospective materials. At present the first steps for realization of this task are
realized — the first party of material is synthesized and its persistent red luminescence
is observed.

Another group of prospective persistent luminescence materials is based on doped
AIN. Our long-term investigations on AIN macro and nano powders doped with Mn
allowed consideration that Mn caused red luminescence possesses PersL properties.
At present investigation of this phenomenon including revealing of PersL. mechanism
is running on. Role of other type dopants such as Fe, Cr and rare earth elements in
PersL origination in AIN is also analyzed and will be experimentally studied.

The present research is sponsored from the Latvian Sciences Council Grant No lzp-
2019/1-0443.
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Rentgenstaru defekti aktivetos oksifluoridu stiklos

Andris Antuzevics, Guna Krieke, Elina Pavlovska
Latvijas Universitates Cietvielu fizikas institiits

Defektu veidoSanas materialos p&c apstaroSanas ar joniz€joSo starojumu ir
visparzinams fakts. Stiklos radiacijas defekti tipiski rada absorbcijas joslas redzamaja
elektromagnétiska spektra diapazona un vizuali to var noverot ka parauga
nokrasoSanos. Papildus tam, ar retzemju joniem aktiv€tos stiklos ir iesp€jama
aktivatoru parladésanas un lidz ar to — izmainas luminiscences 1pasibas. Optiskos
pielietojumos abi efekti var but nevélami, tapéc tos ir nepiecieSams kontrolét.

Saja pétijuma tiks analizéta rentgenstaru raditu defektu veido$anas un stabilitate
dazadu sastavu oksifluoridu stiklos ar uzsvaru uz paramagnétisku kompleksu
veidoSanos un elektronu paramagnétiskas rezonanses (EPR) metodi. Tiks demonstréts
veids defektu veidoSanas ierobezosSanai, aktiv€jot paraugus ar eiropiju.

X-ray induced defects in activated oxyfluoride glasses

Andris Antuzevics, Guna Krieke, Elina Pavlovska
Institute of Solid State Physics, University of Latvia

Defect creation in materials is a well-established response to ionizing radiation is. In
typical glasses radiation defects cause absorption bands in the visible part of the
electromagnetic spectrum, which leads to a coloration of the sample. Additionally, in
rare-earth ion activated glasses changes in the oxidation state of the activator and
thereby — luminescence properties — can be expected. For optical applications both
effects may be undesirable and should be controlled.

In this study formation and stability of x-ray induced defects is analyzed in different
oxyfluoride glass systems with emphasis on generation of paramagnetic species and
electron paramagnetic resonance (EPR) investigations. A way of suppressing defect
formation by doping the composition with europium will be demonstrated.

The financial support of Latvian Council of Science grant LZP-2018/1-0335 “Novel
transparent nanocomposite oxyfluoride materials for optical applications” is greatly
acknowledged.
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Th* un Eu*" luminiscence un energijas parnese SrF, nanokristalitus saturosa
oksifluoridu stikla keramika

Meldra Kemere, Uldis Rogulis
Latvijas Universitates Cietvielu fizikas institiits

Retzemju jonu luminiscence tiek plaSi pielietota visdazadakajas ieric€s, un tas
Ipasibas materialos — gan materiala strukttiras ietekme uz retzemju jonu luminiscenci,
gan aktivatoru savstarp&ja mijiedarbiba — joprojam tiek aktivi pétitas. Darba pétitas
eiropija un terbija jonu luminiscences pasibas un energijas parnese oksifluoridu stikla
keramika, kura satur SrF, nanokristalitus.

Darba gaita sintezéti stikla paraugi ar sastavu SiO,-Al,03-Na,O-SrF,, aktivéti ar Th%
un Eu®* joniem dazadas koncentricijas (0-2 mol%). Izgatavoti stikla keramikas
paraugi, Karsgjot stikla paraugus 650 — 700 °C temperatara 1-4 stundas. Veikti
fotoluminiscences, fotoluminiscences ierosmes un dzisanas kinétiku mérijjumi, ka art
rentgenstaru difrakcijas merijumi.

Tb* un Eu* luminiscences spektru izmainas stikla keramika norada uz dalgju
retzemju jonu ieblveéSanos SrF, nanokristalitos. Vienaktivétos paraugos stikla
keramika Tb®" luminiscences dziSana notick lénak neka attiecigajos stiklos,
diaktivatos — atrak. Tas norada uz efektivu energijas parnesi no Tb** uz Eu®* joniem
stikla keramika.

Luminescence and energy transfer of Th*" and Eu®* in oxyfluoride glass
ceramics containing SrF, nanocrystallites

Meldra Kemere, Uldis Rogulis
Institute of Solid State Physics, University of Latvia

Rare-earth ion luminescence is used in a wide range of devices, its properties in
materials — interaction with structure of the host material and interaction between
activators — are still being studied extensively. In this work luminescence properties
and energy transfer of europium and terbium ions in glass ceramics containing SrF,
nanocrystallites were studied.

In the present study, oxyfluoride glasses with the composition SiO,-Al,03-Na,O-SrF,,
activated with Tb*" and Eu®* ions (0-2 mol%) have been synthesized. Glass-ceramic
samples were obtained by heating the precursor glasses at 650 — 700 °C temperature
for 1 to 4 hours. Photoluminescence emission, excitation and decay measurements
and X-ray diffraction measurements were performed.

The changes in Th®* and Eu®" luminescence spectra in the glass ceramics indicate a
partial incorporation of rare earth ions in the SrF, nanocrystallites. In singly-doped
glass ceramics Tb*" luminescence decay is slower compared to glasses while in the
co-doped glasses — faster. It proposes an efficient energy transfer from Tb** to Eu**
ions in the glass ceramics.

The financial support of Latvian Council of Science grant LZP-2018/1-0335

“Novel transparent nanocomposite oxyfluoride materials for optical applications” is
greatly acknowledged.
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Koherentu staru kiilu pastiprinasana ar dinamiskam hologrammam
molekularos stiklveida azomaterialos

Yaroslav Skrypka' , Valdis Kokars®, Kaspars Traskovskis?, Andris Ozols?,
Peteris Augustovs®, Alexandr Shumelyuk®, Serguey Odoulov*
YUkrainas Nacionalas Zinatnu akadémijas Fizikas institiits
’Rigas Tehniskds universitates Materidlzindtnes un lietiskas kimijas fakultate

Divu koherentu gaismas vilnu pasdifrakcija, kuri ieraksta holografisko rezgi planas
molekularo stiklu kartinas, ir izmantota vaja gaismas kila intensitates pastiprinasanai
uz stipra kiila rekina. Vaja gaismas kila intensitate picauga divas reizes pie tikai 8
um mijiedarbes garuma, tadgjadi noradot uz loti lielu ipatn€jo saites konstanti.
Raksturigais pastiprinajuma laiks ir saméra ilgs-ap 200 s. Tadel, visticamak,
pastiprinasanas procesa pamata eso$a Kerra tipa optiska nelinearitate ir saistita ar
fotoinducéto masas parnesi. leraksta mehanisms tiks apliikots detalizétak. Rezumgjot
var secinat, ka , ciktal m&s zinam, pirmo reizi ir pieradits, ka ar trifenilmetanu
funkcionalizéti azomolekularie materiali var tikt izmantoti ka loti jutigas vides
holografiskajam ierakstam un koherentu gaismas kiilu pastiprinasanai.

Coherent beam amplification with dynamic holograms in glass-forming
molecular azobenzene based materials

Yaroslav Skrypka® , Valdis Kokars?, Kaspars Traskovskis?, Andris Ozols®,
Peteris Augustovs®, Alexandr Shumelyuk®, Serguey Odoulov*
! Institute of Physics, National Academy of Sciences of Ukraine
?Riga Technical University, Faculty of Materials Science and Applied Chemistry

Self-diffraction of two coherent light waves that record a holographic grating in thin
films of azobenzene-contaning molecular glass-forming materials is used for intensity
enhancement of a weak beam in expense of the strong beam intensity. The intensity of
a weak probe beam is doubled at interaction length of only 8 um thus pointing to a
very high specific coupling constant. The characteristic time of the intensity
redistribution is relatively long, on the order of 200 s. Consequently, the underlying
process of pronounced Kerr-type optical nonlinearity is related, most probably, to the
photoinduced mass transfer. Recording mechanism will be discussed in more details.
To summarize, we have shown , for the first time to the best of our knowledge, that
triphenylmethane functionalized molecular materials can be used as highly-sensitive
media for holographic recording and coherent beam amplification.

The financial support by the Joint Ukraine-Latvia Research & Development program's
project LV: LV-UA/2017/3; UA: Ministry of Education and Science, Ukraine, (M67-2018)
is greatly acknowledged.
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Ladinneséju transporta pétijumi P3HT planas kartinas

Normunds Ralfs Strautnieks, Kaspars Pudzs
Latvijas Universitates Cietvielu fizikas institiits

Poli(3-heksiltioféns) jeb P3HT regioregulars pusvaditaju polimérs. To plasi izmanto
organiskaja elektronika (organiskie saules elementi, termoelektriskie parveidotaji)
galvenokart tapec, ka tam ir regulars sanu k&des novietojums visa poliméra garuma,
kas stimulé efektivu atseviSsku konjugéto poliméru sanu k&zu sakartosanos ar IT-T1
saiSu parklasanos. P3HT planas kartinas 1ipaSibas ir paradijusas daudzsolosu
potencialu plasakam pielietojumam saules baterijas un termoelektriskajos
parveidotajos, kas ir veicinajis interesi par ta elektrisko un termoelektrisko pasibu
padzilinatu izpéti.

Darba gaita ir pétitas termoelektriskas ipasibas neatSkaiditiem P3HT ar dazadu
polimerizacijas pakapi un dopétiem P3HT paraugiem ar (2,3,5,6-tetrafluoro-2,5-
cikloheksadién-1,4-dilidén)-dimalonodinitrilu  (TCNQ). Planas kartinas iegttas
izmantojot rot€josa diska metodi no vielu Skidumiem hlorbenzola. Ladinnesg€ja
transporta pétiSanai tika izgatavoti paraugi ar dazadiem elektrodu materialiem
monopolaras ladinnesgju injekcijas un bipolaras ladinnes€ju injekcijas nodrosinasanai.
Ladinnes€ja transporta pétiSanai tika pielietotas Telpas Ladina lerobezotas Stravas
(TLIS) metodes.

Studies of charge carrier transport in thin films of P3HT

Normunds Ralfs Strautnieks, Kaspars Pudzs
Institute of Solid State Physics, University of Latvia

Poly(3-hexylthiophene) (P3HT) is a regioregular semiconducting polymer. It is
widely used in organic electronics (organic solar cells, thermoelectric converters)
primarily because of its regular end-to-end arrangement of side chain, which allows
efficient II-IT stacking of the conjugated polymer backbones. The properties of thin
films of P3HT have shown promising potential for wider applications in solar cells
and thermoelectric converters. It has boosted interest in a deeper study of its electrical
and thermoelectric properties.

The thermoelectric properties of pure P3HT with varying degrees of polymerization
and doped P3HT samples with (2,3,56-tetrafluoro-2,5-cyclohexadiene-1,4-
diylidene)dimalononitrile (TCNQ) have been studied during the work. Thin films are
obtained using the spin-coating method from the compound solutions in
chlorobenzene. Samples with various electrode materials were produced for studying
of the charge carrier transport in monopolar charge carrier injection and bipolar
charge carrier injection regime.

The Space Charge Limited Current (SCLC) methods were applied to the study of
charge carrier transport.
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Ar elektroverpSanas metodi iegiitu PEDOT:PSS saturoS$u nanoskiedru
raksturoSana

Oskars Bitmets, Kaspars Pudzs, Andrejs Tokmakovs, Karlis Kundzins
Latvijas Universitates Cietvielu fizikas institiits

ElektrovérpSana ir izmantota ka jauna metode poliméru kompozitmaterialu razoSanai.
Sis metodes galvenais princips ir augstsprieguma izmanto$ana ka virzitajspeks
nanoskiedru razo$ana no poliméru bazes Skidumiem.

Saja darba, lai ieglitu vadoSus poliméru kompozitus, tika izmantotas ar
elektroveérpsanas metodi un uz poli(etiléna oksida) (PEO) bazes veidotas nanoskiedras
ar dazadu daudzumu poli(3,4-etilendioksitioféna) polistiréna sulfonatu (PEDOT: PSS).
Lai raksturotu elektrovaditspgju iegiitajiem nanoskiedru tikliem wun pasam
nanoSkiedram, tika izmantoti dazadu struktiru elektrodi. Litografijas tehnika tika
izmantota, lai izgatavotu elektrodus nanoskiedru elektrovaditsp&jas raksturoSanai.
Nanoskiedru tikla morfologiju raksturoSanai tika izmantota skengjosa elektronu
mikroskopija.

Characterisation of electrospunned PEDOT:PSS containing nanofiber

Oskars Bitmets, Kaspars Pudzs, Andrejs Tokmakovs, Karlis Kundzins
Institute of Solid State Physics, University of Latvia

Electrospinning has been employed as a new method for the production of polymer
composite materials. The main principle of this technique is the use of high voltage as
driving force for the production of nanofibers from polymer-based solutions.

In this work, poly(ethylene oxide) (PEO) based composite nanofibers with different
amounts of poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS)
were produced using the electrospinning technique in order to obtain conductive
materials.

Electrodes with different structures were used to characterize electrical conductivity
for the obtained nanofiber networks and the nanofibers themselves. Lithography
workflow was used to fabricate electrodes for nanofiber electrical conductivity
characterization. Scanning electron microscopy was used to characterize morphology
of nanofiber network.
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Trifenilamina atvasinajumu molekulu geometrijas parametru atkariba no izvélétas
apréekinu metodes un molekulas uzbiives

Roberts Zieding', Igors Mihailovs*?, Martins Rutkis*
YLatvijas Universitates Cietvielu fizikas institiits
*Rigas Tehniskas universitates Materidlzinatnes un lietiskas kimijas fakultate

Trifenilaminu atvasinajumi ir vielu grupa, ko plasi izmanto dazadajas organiskas elektronikas
un fotonikas ierices, ka, pieméram, organiskas gaismu emitgjosas diodes. Taja skaita pedeja
gadu desmita organiskas elektronikas lauka nov€rojama neziidoSa interese par termiski
aktiveto aizkaveto fluorescenci, kuru uzrada ar trifenilamina fragmentu saturoSie savienojumi.
Ta ka jebkurs aprekins sakas ar molekulas geometrijas optimizesanu, ir loti svarigi izvéleties
pietickami labu aprekinu metodi tai. Lai gan lielakai dalai molekulu var iegtit labus rezultatus
ar praktiski visam plasi izmantotajam metodém, tadam vielam ka trifenilamini nav tik
vienkarsi paredzet elektronisko un sterisko efektu kopigas ietekmes rezultatu. Tadel tika
nolemts izm&ginat vairakas metodes un salidzinat ar atskaites metozu rezultatiem.

Tika salidzinatas HF-3c, B3LYP un PBEh-3¢ metodes; dazam molekulam aprékini tika veikti
arT ar ®B97X-D/SVP un augstas precizitates DSD-PBEB95-D3BJ ar bazes funkciju kopu cc-
pVTZ.

Rezultata ieglist loti neviennozimigus rezultatus. B3LYP skaidri apraksta vairakus BLA
gadijumus, bet citus labak apraksta HF-3c; B3LYP izdod neparastu rezultatu, ka saite starp
aromatisko gredzenu un centralo N atomu ir garaka gredzenam, kas satur spécigu
elektronakceptoro grupu. PBEh-3c¢ negaiditi dod diezgan viduv&jus rezultatus. Visas metodes
paredz, ka difenilpirid-2-ilaminiem ir liela asimetrija starp fenilgredzeniem. Kopuma jasecina,
ka péttjumi jaturpina.

Dependence of geometry parameters of triphenylamine derivatives on the selected
computational method and structure of the compound

Roberts Ziedins®, Igors Mihailovsl'z, Martins Rutkis®
YInstitute of Solid State Physics, University of Latvia
’Institute of Applied Chemistry, Riga Technical University

Triphenylamine derivatives are a group of substances widely used in various organic
electronics and photonics devices, such as organic light emitting diodes. Particularily, during
the last decade in the field of organic electronics, there is a continuing interest in thermally
activated delayed fluorescence, also in compounds containing triphenylamine moieties.

Since any calculation starts with optimizing the geometry of the molecule, it is very important
to choose a good calculation method for it. While most molecules can produce good results
with virtually any among the widely used methods, it is not easy to predict the combined
effects of electronic and steric effects on substances such as triphenylamines. Therefore, it
was decided to try several methods and compare with the results of the reference methods.
HF-3c, B3LYP and PBEh-3c methods were compared; for some molecules, calculations were
also performed with ®B97X-D/SVP and high-precision DSD-PBEB95-D3BJ with the base
function set cc-pVTZ.

The results are quite ambiguous, though. B3LYP describes well several cases of BLA, while
others are better described by HF-3c; B3LYP gives the unusual result that the bond between
the aromatic ring and the central N atom is longer for a ring containing a strong electron-
acceptor group. PBEh-3c gives quite mediocre results unexpectedly. All methods assume that
diphenylpyrid-2-ylamines have a high asymmetry between phenyl rings. In conclusion, the
studies need to be continued.

The financial support of Latvia-Lithuania-Taiwan project LV-LT-RW/2018/14 is greatly
acknowledged.

24



Organiskie materiali I, 11. februaris

Tresas-kartas nelineari optisko efektu mérisanas metodologija Z-scan metodei

Arturs Bundulis, Martin$ Rutkis
Latvijas Universitates Cietvielu fizikas institiits

Jau daudzus gadus zinatniskas grupas strada, lai parietu uz pilnigi optisko
telekomunikaciju sistému, kura bitu ieklauti elementi datu parraidei, apstradei un
glabasanai. Kaut arT $aja joma ir veikti daudzi nozimigi darbi un ir izveidoti neatkarigi
elementi datu parraidei, ka ari apstradei, pilnigi optiskas sist€émas joprojam ir talu no
esosas elektriskas sistémas aizstaSanas, jo ta ir parak neefektiva. Galvenais iemesls
Sim ir tas, ka S$ajas sisttmas izmantotie tre$as-kartas nelinearie optiskie (NLO)
materiali nav pietickami efektivi. Sakara ar So nelinearo optisko materialu p&tijumi
joprojam ir loti aktuala joma, tacu triikst stingri definétas metodologijas materiala
raksturoSanai.

Saja darba més pétijam, ka dazadi eksperimentilie aspekti ietekmé NLO mérijumus,
un méginajam noteikt metodes, lai atSkirtu dazadus procesus, kas var izraisit optiskas
izmainas. Nemot véra, ka termiskie efekti, dazadi molekularie procesi un citi
nevelami efekti var izraisit NLO 1pasibu parveértésanu, So efektu atdaliSana ir bitiska
korektas metodologijas ievieSanai. Saja darba més izmantojam Z-scan metodi, lai
izpétitu divus tresas-kartas NLO efektus - Kerra efektu un divu fotonu absorbeiju. ST
metode tika izveleta, jo ta var vienlaikus izmérit abus efektus.

S1 darba izstradasanu atbalsta ERAF 1.1.1.1 aktivitates projekts Nr. 1.1.1.1/16/A/046
“Originalu organisko materialu iesp&ju demonstré$ana Fotonisko Ieri¢u Prototipos”.

Third-order nonlinear optical measurement methodology using Z-scan

Arturs Bundulis, Martins Rutkis
Institute of Solid State Physics, University of Latvia

For many years scientific groups has worked to step towards an all-optical
telecommunication system, that would incorporate elements for data transmission,
processing and storage. Although many significant works have been carried out in this
field and independent elements for data transmission as well as processing has been
presented, all-optical system is still far from replacing electrical systems due to it
being too inefficient. This is mainly due to third-order nonlinear optical (NLO)
materials used in these systems not being efficient enough. Due to this nonlinear
optical material studies still is a very essential field but is lacking a correct
methodology for material characterization.

In this work we studied how different experimental aspects NLO measurements and
tried to establish methods to differ between various processes that can induce optical
changes. This is essential as thermal effects, various molecular processes and other
unwanted effects can lead to large overestimation of NLO properties. In this work we
used Z-scan setup to study two third-order NLO effects - Kerr effect and Two-photon
absorption. This method was chosen as it can simultaneously measure both effects.
This material is based upon work supported by the ERDF 1.1.1.1 activity project Nr.
1.1.1.1/16/A/046 ‘Application assessment of novel organic materials by prototyping
of photonic devices’.
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Organisko Lauka Efekta Tranzistoru izstrade un pielietojums pusvaditaju
ladinneseju kustiguma noteikSana

Marcis Lielbardis, Aivars Vembris, Roberts Rim3a
Latvijas Universitates Cietvielu Fizikas Institiits

Organiski pusvaditaji savu Ipasibu dél lauj veidot elastigas elektroniskas iekartas. LU
CFI Organisku Materialu Laboratorija tiek pétiti materialu pielietojumi organiskas
gaismu izstarojoSas diodés un organiskos fotoelektriskajos elementos (saules
baterijas). Pusvaditaja ladinnes€ju kustigums ir svarigs parametrs ta pielietojuma
noveértésanai. Organiska lauka efekta tranzistora mérijjumos to var noteikt.

Darba gaita ir izveidota procediira organisku lauka efekta tranzistoru izveidoSanai un
iekarta to parametru mériSanai. Izveidota mérfjjumu sist€éma tika parbaudita ar paraugu,
kura izmantots organiskais pusvaditajs ar zinamiem parametriem.

Ka tranzistoru aizvara (gate) elektrods tiek izmantots Indija-Alvas oksids (ITO), ka
dielektriskais slanis — SU-8 fotorezists, uz kura uzputinats 20 nm Hroma slanis
adhézijai un 100 nm Vara slanis, kurus ar attistitu AZ-1518 fotorezistu nonem,
atstajot izteces (source) un noteces (drain) elektrodus ar 10, 20 un 30 mikrometru
atstarpém, uz kuram talak uznests TPD ka pusvaditajs.

legtitajiem paraugiem tika meritas stravas atkaribas no sprieguma, no mérjjumiem
noteikti vielas parametri, salidzinati ar literatira atrodamajiem un tika noverteta
iekartas mérfjumu kvalitate.

Development of Organic Field-Effect Transistors and their use in determining
charge carrier mobility of semiconductors

Marcis Lielbardis, Aivars Vembris, Robert Rimsa
Institute of Solid-State Physics, University of Latvia

Organic semiconductor properties allow production of elastic electronic devices. In
the UL ISSP Laboratory of Organic Materials, applications of materials in Organic
Light-Emitting Diodes and organic photovoltaics are being studied. Charge carrier
mobility is an important parameter in estimating the applications of a semiconductor.
It can be determined by measuring the parameters of an organic field-effect transistor.
In this work, a procedure for developing organic field effect transistors, and an
experimental set-up for measuring their properties were developed. The measurement
system was tested with a sample, using a semiconductor material with known
parameters.

Indium-Tin Oxide (ITO) is being used as the gate electrode, SU-8 photoresist as the
dielectric material, which was coated with 20 nm Chrome adhesion layer and 100 nm
Copper layer, which are then removed, using a layer of developed AZ-1518
photoresist, leaving source and drain electrodes with 10, 20 and 30 micrometer gaps,
which are then coated with TPD as a semiconductor.

Current - voltage (I-V) characteristics were measured on the resulting samples, the
results were used for calculating the properties of the semiconductor and comparison
to literature was made to estimate the quality of measurements.
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Dopétu PMMA struktiiru veido$anas metodika

Anete Bérzina®, Arturs Bundulis®
'Latvijas Universitates Cietvielu fizikas institiits

Misdienas komunikaciju sist€émas jau tiek pielietotas optiskas ierices kombinacija ar
elektriskam iekartam. Lai parietu uz pilnigi optiskam iekartam, nepiecieSams izmantot
nelineari optiskus materialus, tatad plasi izmantotie silicija savienojumi $adai sist€émai
neder@s. Cita alternativa butu optisko fotorezistu izmantoS$ana, tacu tiem ari ir parak
vajas nelineari optiskas ipasibas. Tapéc izmantojam dopctas viesis-saimnieks
sistémas. Més ka matricas materialu izmantojam PMMA, ko ir viegli izmantot ka
matricu savienojumiem ar citiem organiskiem materialiem ar izteiktam nelineari
optiskam Tpasibam.

S1 darba mérkis ir izstradat metodiku dopgta PMMA paraugu veido$anai. Izgatavojot
paraugus, organisko Skidumu ar PMMA un aktivo organisko vielu uzklaj uz stikla ar
rot€josa diska metodi. Parasti PMMA tiek apstradats ar elektronu staru litografiju, kas
ir Joti laikietilpigi. Lai samazinatu izgatavoSanas izmaksas, laiku un saglabatu PMMA
kartinas kvalitati, me&s izmantojam UV lampu PMMA izgaismoS$anai, caur izveidotu
velamas struktiiras masku uz parauga. Lidz ar to uz parauga uzputina aluminiju, kas
pasarga PMMA no ultravioleta starojuma. P&c tam ar rotgjosa diska metodi uzkla;j
fotorezistu un ar lazera ierakstu litografijas palidzibu veido nepiecieSamas struktiras.
Lai So struktiiru parnestu uz organisko kartinu, paraugs tiek kodinats, izmantojot
slapjo kodinasanu. Lidz ar to rezultatd esam ieguvusi planaru paraugu ar organisku
PMMA struktiiru.

Doped PMMA structure manufacturing workflow

Anete Berzina®, Arturs Bundulis®
YInstitute of Solid State Physics, University of Latvia

Nowadays people are already using optical devices combined with electrical devices
in communication systems. In order to move towards an all-organic device, we need
to use nonlinear optical materials and widely used pure silicon compunds are not
gonna work. Other alternative would be optical photoresist, but they as well have too
low nonlinear optical properties. Therefore we use doped host-guest systems. As the
base material we are using PMMA, which is also easily used as a matrix to combine it
with other organic materials that would have better nonlinear optical properties.

The main target of this work is to develop a method for doped PMMA structure
manufacturing. To prepare samples a solution of PMMA and organic compound was
applied on substrates using spin-coating method. Commonly PMMA is processed
with electron beam lithography, but it takes a lot of time. In order to reduce the
expenses, save time and the quality of PMMA layer, we used an UV lamp through a
masko n sample. To protect PMMA from UV light, we created Aluminium layer by
using vacuum deposition. Next we added a photoresist layer ontop by using spin-
coating method and exposed it with optical lithography. In order to transfer this
structure to the organic layer, we used wet etching. As a result we have developed a
planar sample with organic PMMA structure.
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Pastiprinatas spontanas emisijas parametru noteik§ana sarkanas gaismas
emitéjosam krasvielam planas kartinas

Patricija Paulsonel, Elmars Zarig§2, Kristine Lazdovi¢a®, Valdis Kokars?, Aivars Vembris®
YLatvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas universitates Lietiskas kimijas institiits

Organisko lazeru aktivajas vidés ka vienu no vielam var izmantot sarkanas gaismas
emit&joso krasvielu 6-(terc-butil)-4H-piran-4-ilidénmalonitrils (DCM). Galvenais
DCM molekulas trikkums ir tas kristalizacija, kas samazina optiskas TpaSibas gaismas
pastiprinasanas Cieta sist€éma. Lai noverstu kristaliz€Sanos, tai klat tiek pievienotas
dazadas telpiskas grupas, kas novieto molekulas talak vienu no otras.

Darba gaita 12 jauni sintéze€tam vielam tika pagatavotas planas kartinas ar rotgjosa
diska metodi. Kartinam tika veikti absorbcijas spektra, biezuma, pastiprinatas
spontanas emisijas (ASE) un pastiprindgjuma koeficienta mé&rjjumi, ka ari katram
paraugam tika noteikts fotoluminiscences kvantu iznakums. ASE un pastiprinajuma
koeficienta mérjjumiem tika izmantots nanosekunzu impulsu lazers un paraugi tika
ierosinati ar starojumu diapazona no 460 nm Ilidz 560 nm, kas ir attiecigo vielu
absorbcijas maksimums.

Apkopojot datus, tika salidzinati ASE rezultati dazadu vielu un biezumu paraugiem
un tika izdarTti secinajumi par elektronu akceptoru un donoru grupu ietekmi uz ASE
parametriem.

Determination of amplified spontaneous emission parameter of red light emitting
chromophores in thin films

Patricija Paulsone®, Elmars Zarins?, Kristine Lazdovica?, Valdis Kokars?, Aivars Vembris®
YInstitute of Solid State Physics, University of Latvia
?Institute of Applied Chemistry, Riga Technical University

Red light emitting dye 6- (tert-butyl) -4H-pyran-4-ylidenemalononitrile (DCM) can
be used as a laser dye in light amplifying medium. The main disadvantage of DCM
molecule is its crystallization that reduces optical properties of the light amplifying
system. To prevent crystallization various bulky groups are added to the molecule,
which place the molecules further apart from each other.

In this work, thin films from 12 new synthesized compounds were prepared by spin
coating method. Absorption spectra, thickness, amplified spontaneous emission (ASE)
and gain coefficients were measured and photoluminescence quantum yields were
determined for each sample. A nanosecond pulse laser was used to measure ASE and
gain coefficients. Samples were excited by radiation in the range from 460 nm to 560
nm, which are the absorption maximum for each compound in thin film.

The acquired data shows comparison of the ASE results for samples with various
compounds and film thickness. Conclusions were made on the effect of electron
acceptor and donor groups on ASE parameters.

The financial support of European Regional Development Fund within the Project No.
Nr.1.1.1.1/16/A/046 is greatly acknowledged.
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Jaunu organisko TADF savienojumu optiskie pétijumi zilas gaismas emitéjosam
diodém

Margarita Anna Zommere', Aivars Vembris', Saulius Grigalevicius2
'Latvijas Universitates Cietvielu fizikas institiits
’Poliméru kimijas un tehnologijas departaments, Kaunas Tehnologiska Universitdte

Organiskas gaismas emit€josas diodes (OLED) arvien plasak tiek pielietotas displejos
tiras krasas un augstas efektivitates dél. TADF (Termiski aktivetas aizkavétas
fluorescences) materiali ir jaunakas paaudzes savienojumi, kuriem piemit 100%
ierosinato stavoklu konvertacija gaisma.

Darba gaita tika pétiti divu veidu TADF savienojumi - difenilsulfonu un benzofenonu
atvasinajumi ar karbazola grupam, ar merki atrast potencialu zilas gaismas emiteri.
Skabekla klatbtitne $ada tipa savienojumiem ir kritiska, jo ta mijiedarbojas ar tripleta
ierosinatiem stavokliem un biitiski samazina TADF savienojuma emisiju. Tapec $adu
vielu 1pasibu pieradiSanai tika apskatiti savienojumi degaz&tos un nedegazgtos
Skidinatajos. No $adiem paSiem Skidumiem tika veidotas ar1 planas kartinas. Visiem
savienojumiem tika izméritas absorbcijas un emisijas Ipasibas gan Skidumos, gan
planas kartinas. Vielu emisijas IpaSibas bija atSkirigas nedegazeéta un degazéeta
Skiduma, kas liecindgja par So savienojumu TADF 1pasibam. No dotajiem
savienojumiem  tika  pagatavoti OLED ar  struktiru  ITO/PEDIT:PSS
(40nm)/Emiters/TPBi(25nm)/LiF(1nm)AI(120nm). Labakie savienojumi uzradija
spilgtumu virs 500 cd /m?.

Optical studies of new organic TADF compounds for blue light emitting diodes
Margarita Anna Zommere', Aivars Vembris', Saulius Grigalevicius’

!Institute of Solid State Physics, University of Latvia
’Department of Polymer Chemistry and Technology, Kaunas University of Technology

Organic light emitting diodes (OLED) are becoming more widely used in displays due
to the pure colour and high efficiency. TADF (Thermally activated delayed
fluorescence) materials are the latest generation of OLED technology, which has
100% of the conversion of excited states into light.

The research work has been done for two types of TADF compounds considered -
diphenylsulfone and benzophenone derivatives with carbazole groups. The aim of the
study was to find potential blue light emitters. The presents of oxygen for such
compounds is critical, because it interacts with the triplet states and significantly
reduces the emission intensity. Therefore, to prove TADF properties of investigated
compounds, the optical properties were examined in both degassed and non —
degassed solvents. Thin films were also prepared from the same solutions. For all
compounds, the absorption and emission were measured in both solutions and thin
layers. The emission properties were different in the non-degassed and degassed
solution, which proved the TADF properties of these compounds. From given
compounds basic structures of OLEDs were prepared:
ITO/PEDIT:PSS(40nm)/Emitters /TPBi(25nm) /LiF(1nm)/Al(120nm). The most
prospective compounds showed brightness above 500 cd /m?.

30



12. februaris

FOTONIKA UN
NANOMATERIALI



Fotonika un nanomateriali, 12. februaris

Latvijas Universitates Fizikas un matematikas fakultates sakums

Janis Jansons
Latvijas Universitates Cietvielu fizikas institiits

Sogad aprit 80 gadi kop§ Latvijas Universitaté (LU) saka izveidot Fizikas un
matematikas fakultati (FMF) Latvijas pirmaja padomju okupacijas laika 1940./41.
macibu gada, sadalot divas dalas Matematikas un dabas zinatnu fakultati. Sakoties péc
gada vacu nacistu okupacijai, 1941. gada 1.jilija sasaukta arkartas Universitates
Padomes s€de noléema atjaunot pirmspadomju laika LU Satversmi, struktiru un
darbibas kartibu. Tikai p&c atkartotas padomju okupacijas Otra Pasaules kara beigas
1944. gada rudeni tika atjaunota FMF (tagad — Fizikas, matematikas un optometrijas
fakultate).

Referata apskatita fizikas un matematikas studiju prieksvésture, FMF dibinasana
pirmaja padomju okupacijas laika 1940./41. macibu gada, parveértibas vacu nacistu
okupacijas laika un FMF attistiba [idz 1958. gadam otraja padomju okupacijas laika.

Beginning Faculty of Physics and Mathematics of the University of Latvia

Janis Jansons
Institute of Solid State Physics, University of Latvia

80 years have passed since the establishment of the Faculty of Physics and
Mathematics of the University of Latvia. The article deals with the history of physics
and mathematics studies and the establishment of the Faculty of Physics and
Mathematics during the first Soviet occupation in 1940/41 academic year,
transformations during the German Nazi occupation, rebuilding of the faculty after the
war, and development until 1958 during the second Soviet occupation.
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Holografiskas litografijas pielietoSana materialu virsmas nanostrukturéSanai

Janis Teteris
Latvijas Universitates Cietvielu fizikas institiits

Ir zinams, ka optiska diapazona virsmas plazmonu efektu ieglisSana metalos un metalu
oksidos ietver tadu virsmu izgatavoSanu, kuram ir raksturlielumi ar izméru <400 nm.
Viens no veidiem, ka to izdarit, ir holografiskas litografijas tehnologijas izmantosana.
Saja zinojuma tiks apskatita holografiska litografija un veikts tas salidzinajums ar
parastajam optiskas litografijas tehnologijam. Tiks apskatiti tiesa ieraksta fotorezisti,
gan organiskos, gan neorganiskos amorfos savienojumos, kuru darbibas pamata ir
fotoinducéta masas parvietoSana, ka arT to praktiskais pielietojums. Izmantojot
imersijas holografisko litografiju, virsmas reljefa rezgus ar periodu ~ 150 - 250 nm
var izgatavot ar 491 nm lazera ierakstu. Rezgi tika ierakstiti amorfas halkogenidu
kartinas ar imersijas metodi. Rezga periods, krustojoties diviem gaismas stariem
prizma ar lauSanas koeficientu n var izteikt ka A=Ao/2 n sin®, kur Ao ir gaismas vilna
garums vakuuma, bet 0 ir puslenkis starp gaismas stariem prizmas iekSpusé. Tika
izmantotas taisnlenka prizmas ar n=1.5 — 2.6. Amorfas As-S-Se kartinas ar optisko
lausanas koeficientu n=3.2 pie 491 nm tika lietotas ka fotorezists virsmas reljefa rezgu
ierakstam. Imersijas prizmu pielietoSana holografiskaja ieraksta dod iesp€ju samazinat
rezga periodu n reizes. Apskatisim provizoriskus rezultatus virsmas strukturéSana ar
tieSo ierakstu, izmantojot lazeru fotoinducétu kodinasanu, ka ar1 fotoelektrokimisko
kodinaSanu uz metaliem un metalu oksidiem.

Application of holographic lithography for material surface nanostructuring

Janis Teteris
Institute of Solid State Physics, University of Latvia

It is known that the production of optical range surface plasmon effects in metals and
metal oxides involves making surfaces which have features with the sizes of <400 nm.
One of the ways to do this is by using holographic lithography technology.

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 amorphous compounds
has been examined. By means of immersion holographic lithography the surface relief
gratings with a period of ~150 — 250 nm can be fabricated with a 491 nm laser
recording.

The grating period for two intersecting light beams in a coupling prism with refractive
index n can be expressed as A=Ao/2 n sinB, where Ao is the wavelength of laser light in
vacuum, n is refractive index of the prism and 6 is the half-angle between the laser
beams inside the prism. The right angle prisms with n= 1.5 — 2.6 were used. A prism
serves as an immersion medium and n times decreases the period of the recorded
grating.

We present preliminary results of direct writing of submicron patterns by the use of
laser-photoinduced etching as well as photo-electrochemical etching on metals and
metal oxides.. It is believed that this new anisotropic photoetching process may find
many lithographic applications in microelectronics and surface science.
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Redzes parametri izkliedes klatbiitne un lietojot individuali pasititas
kontaktlécas

Maris Ozolins,*? Nicola Rizzieri®, Varis Karitans*?

"Latvijas Universitates Cietvielu Fizikas Institiits
’Latvijas Universitate, Fizikas, matematikas un optometrijas fakultate
*Rizzieri Optometristi

Mes merijjam: a) cilveka acs aberacijas bez un ar kontaktlecam (CL), kuras novers
augstakas pakapes aberacijas; b) redzes izSkirtsp&ju un kontrasta jutibu apstaklos, kad
pielietotie filtri simulé papildus izkliedi; ka ari c¢) novertéta aberacijas un izkliedes
izsméréta acs punktu izkliedes funkcija PSF uz tiklenes. Pacienta acu aberacijas méritas
ar aberometru Keratron®Onda; vai, izp&tot izkliedes efektus, ko radija PRO-MIST # 1-5
filtri modela aci, izmantojot MultiSpot-2500 hartmana-Saka sensoru. Izklied&étas gaismas
izraisita PSF izplude lielos lenkos tika vizualizéta, mérot ar fotokameras Olympus
sensoru ar pikselu soli 4um un 14 bitu izSkirtsp&ju pie 405, 532, 670 nm. Redzes
uzlabosanas, pielietojot individuali piemérotas kontaktlécas CL tika salidzinata ar parasto
brillu 1€cu pielietosanas gadijumiem. Gaismas izkliedes klatbutne (izmantojot acu prieksa
planus PRO-MIST filtrus lidzigi ka autoriem: Ginis et al., JOV 12(3), 1-10, 2014)
neatklaja ievérojamas hartmana-Saka diagrammas maksimumu centru nobides (mé&rot pie
860 nm). Tomér PSF izplasana, ko izraisa redzamas gaismas dala PRO-MIST filtri,
plesas Iidz lenkiem + 5° Sis komponentes raditais gaismas intensitates pjedestals
ievérojami samazina PSF un Stréla attiecibas vértibas, un samazina stimula kontrasta
vertibas uz acs tiklenes.

Visual merits of individually tailored contact lenses in presence of light
scattering

Maris Ozolinsh,? Nicola Rizzieri®, Varis Karitans'?
! Institute of Solid State Physics, University of Latvia
“Faculty of Physics, Mathematics and Optometry, University of Latvia
*Rizzieri Optometristi

We measured and calculated - a) human eye aberrations without and with contact lenses
(CL) eliminating higher order aberrations; b) visual resolution and contrast sensitivity in
conditions when additional scattering is induced by special filters; and c¢) calculated point
spread function PSF and other retinal visual merits. Aberration errors of patient eyes were
measured by Keratron®Onda, or studying scattering effects caused by PRO-MIST #1-5
filters in modified model eye by hartman-shack sensor of MultiSpot-2500. Wide angle
PSF caused by scattered light was detected using camera Olympus photodetector with
pixel pitch of 4um and 14-bite resolution at 405, 532, 670nm directly on detector or
projected with lens. Applying of adapted custom-made CL for patients without any
symptoms of eye cataract statically justified improvement of psychophysical perception
characteristics comparing to conditions of use of conventional goggles. Presence of light
scattering (experimental modeling using thin planeparallel PRO-MIST filters in front of
eyes was similar to authors: Ginis et.al., JOV 12(3), 1-10, 2014) does not reveal strong or
remarkable shifts of hartman-shack graph maxima centers when measurements performed
at 860 nm. However scattering (induced by PRO-MIST filters strongly dependent in
visible) builds a PST pedestal stretching up to +5°. This light intensity pedestal reduces
PSF peak-to-valley metrics that leads to decrease of vision contrast sensitivity and acuity.
Impact of CL rotational and lateral shifts due to blinking is discussed. Studies done with
support of PostDoc.No.1.1.1.2/16/1/001.
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Reversivu nitinola nanostruktiiru veidoSana ar fokuséta elektronu stara
palidzibu

Janis Snikeris, Vjacelsavs Gerbreders, Edmunds Tamanis
Daugavpils Universitates G. Liberta Inovativas mikroskopijas centrs

Nitinols (NiTi) ir nikela un titana sakaus€jums, kuram piemit formas atminas Tpasibas.
Kristalrezga fazu parejas rezultata, ko var izraisit temperattras paaugstinasanas, NiTi
atgtst savu sakotngjo formu pé&c mehaniskam deformacijam. NiTi formas atminas
1pasibas tiek plasi izmantotas mediciniskajas un industrialajas nozarés.

Darba gaita tika uzputinatas vairakas NiTi planas kartinas uz kristaliska Si pamatném
ar atomarajiem sastaviem no NissTig; 1idz NissTiss. UzputinaSana tika veikta ar DC
magnetronu uzputina$anas metodi no Ni un Ti katodiem uz 650°C karstas pamatnes.
Apstarojot NiTi planas kartinas ar fokus€tu elektronu staru, notika nanopunktu
veidoSanas virsmas izpleSanas rezultata, kas tika konstatéta ar atomsp&ku mikroskopa
mérfjumiem. Uzsildot NiTi planas kartinas Iidz 100°C, tika novérota ievérojama
nanopunktu tipluma samazinasanas. Lielaka nov@rota nanopunktu tilpuma izmaina
pirms un péc uzsildiSanas bija 88%.

ST eksperimenta rezultati varétu atvért jaunas NiTi pielietojuma iesp&jas
nanotehnologijas.

Formation of reversible nitinol nanostructures by focused electron beam
irradiation

Janis Snikeris, Vjaceslavs Gerbreders, Edmunds Tamanis
G. Liberts’ Centre of innovative microscopy, University of Daugavpils

Nitinol (NiTi) is a metal alloy of nickel and titanium, which possesses properties of
shape memory. NiTi is able to revert to its original shape after mechanical
deformations due to phase shift of its crystal lattice, which can be triggered by raise of
temperature. NiTi shape memory properties ar widely used for medical and industrial
applications.

In this work several NiTi thin films, with atomic percentages in range from Nis3Tig; t0
NissTigs, were sputtered on crystalline Si substrates. Sputtering was done by DC
magnetron sputtering from Ni and Ti targets on substrate, which was heated to 650°C.
By irradiating NiTi thin films by focused electron beam, nanodots were formed due to
surface expansion, which was observed by atomic force microscope measurements.
After heating NiTi films to 100°C, volume of nanodots noticeably decreased. Largest
observed decrease of nanodot volume before and after heating was 88%.

Results of this experiment could open up new applications of NiTi in
nanotechnologies.
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No koksnes iegiita oglekla piedeva litija jonu bateriju katoda

Emils Vigantsl, Gints Kuéinskisz, Gunars Baj érsz, Janis Kleperis2
! Jelgavas Spidolas gimnazija
2Latvijas Universitates Cietvielu fizikas institiits

LiFePO, (LFP) ir populars litija jonu bateriju materials ta zemo izmaksu, toksicitates
un relativi augstas kapacitates dél. Tacu LFP ir arT savi trikumi, taja skaita zema
elektriska un jonu vaditspgja. Zemas elektrovaditsp&jas dé] LFP parasti pievieno
elektrovadosas oglekla piedevas. Mgs ka elektrovadosu piedevu pétam Latvijas valsts
Koksnes kimijas institita (LKKI) no koksnes iegiitu amorfa oglekla piedevu.

Katodi tika pagatavoti laboratorija, proporcijas 80:10:10 sajaucot attiecigi LFP,
polivinilidénfluoridu (PVDF) un elektrovadosas piedevas. Ka elektrovadosa piedeva
tika izmantoti oglekla kveépi (carbon black), LKKI sagatavotais materials vai abu
ieprick§ minéto piedevu maisijums masas attieciba 1:1. Elektrodiem tika veikti
elektrokimiskie mérijumi, analiz€jot to ladinietilpibu ka funkciju no izmantotajam
elektrovadosajam piedevam.

Rezultati liecina, ka LKKI uz koksnes bazes veidota elektrovadosa piedeva var
darboties ka elektrovadosai piedeva LFP elektrodos. Salidzinajums starp komercialo
elektrovadoso piedevu un LKKI veidoto elektrovadoSo piedevu pagaidam ir
neviennozimigs.

Wood-Based Carbon Additive for Lithium-lon Battery Cathodes

Emils Vigants', Gints Kuéinskis?, Gunars Bajars®, Janis Kleperis®
Jelgava Spidola gymnasium
?Institute of Solid State Physics, University of Latvia

LiFePO, (LFP) is a popular cathode material for lithium-ion batteries due to its low
cost, toxicity and relatively high capacity. However, LFP also has its drawbacks,
notably a low electrical and ionic conductivity. In order to enhance the electrical
conductivity of LFP, highly conductive carbon is usually added to it. We are
researching a wood-based amorphous carbon additive, created by the Latvian State
Institute of Wood Chemistry (LSIWC).

The cathodes were created in a laboratory, consisting of LFP, polyvinylidene fluoride
(PVDF) and the conductive additive at a mass ratio 80:10:10. Carbon black, wood-
based carbon additive or a 1:1 mixture between the both were used as a conductive
additive. Electrochemical measurements were made on the electrodes, analyzing the
charge capacity as a function of the electron-conducting additives used.

The results show that the LSIWC wood-based carbon additive can be used as a
conductive additive in LFP electrodes. The comparison between the commercially
available additive and the one created by LSIWC is so far inconclusive.

The support of the project LZP FLPP Nr. LZP-2018/1-0194 ‘Nanostructured

Nitrogenated Carbon Materials as Promoters in Energy Harvesting and Storage
Technologies” is acknowledged.
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Vara katalizatora elektrokimiska izsédinasana CO; reducé$anai par etilenu

Janis Kleperis', Ingars Luko3evi¢s', Sergejs Piskunovs', Péteris Lesnicenoks™?, Ainars
Knoks®, Laimonis Jekabsons®
"Latvijas Universitates Cietvielu fizikas institiits,
’RTU Materidlzinatnes un lietiskas kimijas fakultate

Katalitisko materialu izstradei p&tnieki ir centusies uzlabot to veiktsp&ju, izmantojot
dazadas stratégijas, pieméram, nanostrukturé$anu, virsmas funkcionalizéSanu,
leg€Sanu un citas metodes, tadgjadi katalitiskos metalus nostiprinot uz elektriski
vadoSa nes€ja, parasti uz gazes diftizijas elektroda pamatnes- oglekla audums parklats
ar akttvas ogles masu.

Saja darba tika veikta vara elektrokimiska izsédinasana uz Freudenberga-GDL
pamatnes (katalizatora laukums 3,2 cm?). Pieradits, ka impulsu izsédinasanas procesa
iegiist stabilaku un selektivaku etiléna veidoSanas katalizatora slani ar 0,3 mA/cm?
stravas impulsa garumu 9 ms. Ka elektrolits tika izmantots 1,25 M CuSO4 Skidums;
izsédinasanas laiks - 2 stundas, kopgjais ladin$ - 30 C, nogulsnéta Cu slana biezums
ap 3 p, parklajuma vienmérigums - 77%. Misu teorétiskie aprékini parada, ka
izdevvigaka vieta etiléna veidoSanas  starpproduktiem *CH, ir vara
nanoklasteru/graféna kontakta vieta.

Electrochemical deposition of copper catalyst for CO, reduction to ethylene

Janis Kleperis', Ingars Lukosevics®, Sergejs Piskunovs®, Peteris Lesnicenoks'?, Ainars
Knoks®, Laimonis Jekabsons®
YInstitute of Solid State Physics, University of Latvia,
“Faculty of Materialsciene and Applied Chemistry of Riga Technical University

For the development of catalytic materials, researchers have sought to improve their
performance with various strategies, such as nanostructuring, surface
functionalization, alloying and more, thereby fixing the catalytic metals on an
electrically conductive carrier, usually on the gas diffusion electrode substrate —
carbon cloth covered with activated carbon mass.

In this work electrochemical deposition of copper on Freudenberg-GDL substrate
(catalyst area 3.2 cm2) was carried out. It was proved that more stable and selective to
ethylene formation catalyst layer are obtained in pulse deposition process with 0.3
mA/cm2 current pulse length 9 ms. As electrolyte the 1.25 M CuSO4 solution was
used; deposition time - 2 hours, total charge — 30 C, thickness of deposited Cu layer
around 3 p, coverage or uniformity of coating - 77%.

It is important to note that in this process the copper coating is formed as the
monovalent copper oxide Cu,O, which at negative potential is reduced to copper
without changing morphology (SEM and XRD results). Our theoretical calculations
shows that the most energetically favorable adsorption positions of *CH, intermediate
is the top of Cu;/graphene composite.

Funding from European Union’s Horizon 2020 Research and Innovation Program
project under grant agreement No 768789 is greatly acknowledged.
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Misina (Teslas) spolu ipasibas

Pauls Annuss®, Alberts Kristing®, Juris Veinbergs?
' Tallinas Tehnologiskas universitates Tomasa Johana Zébeka elektronikas nodala.
’Latvijas Universitates Cietvielu fizikas institiits

Mishin (Teslas) spoles praktiska izmantoSana literatlira tiek aprakstita saistiba ar ta
déveto biorezonanses terapiju.

Zinojuma 1si apskatita $1s arst€Sanas metodes vesture, kurai ir jau gandriz simts gadi.
Pagajusa gadsimta divdesmitajos gados Rojals Raifs (Royal Raymond Rife) pazinoja
par ipasas rezonanses frekvences atklasanu, kura ir jebkuram dzivam organismam,
ieskaitot mikrobus un bakterijas. Turklat vin$ apgalvoja, ka ir iesp&jams ietekméet Sos
organismus dziedinasanas noliikos, ja minéta rezonanses frekvence ir zinama. Raifs
ar1 zinoja, ka vina izgudrota optisko staru ierice var iznicinat patogenus.

Vina lietas turpinataja Hilda Klarka (Hulda Regehr Clark) izmantoja savas
konstrukcijas ierici, literatira pazistamu ka Zapper. Signals no §is ierices tiek padots
pacientam, izmantojot divus elektrodus. Apméram pirms 15 gadiem Aleksandrs
Misins, izmantojot Nikolas Teslas idejas, izveidoja spoli, kura lauj bezvadu reZima
iedarboties uz nevélamiem mikroorganismiem un tadgjadi atbrivoties no tiem.
Pasreizgja petijuma tiek pétitas MiSina spolu 1paSibas un mériti to parametri, lai
sniegtu nelielu ieskatu par to lietderibu un pielietojamibu.

Features of the Mishin (Tesla) coil

Paul Annus', Alberts Kristing®, Juris Veinbergs®
"Thomas Johann Seebeck Department of Electronics, Tallinn University of Technology (TTU)
2 Institute of Solid State Physics, University of Latvia

Practical usage of the Mishin coil is claimed in the literature for so called
bioresonance therapy.

Short overview is given of the almost hundred years old treatment method. In twenties
of the last century Royal Rife claimed discovery of specific resonant frequency that is
present for any living organism, including microbes and bacteria. Furthermore, he
claimed, that it is possible to influence those organisms for healing purposes, if said
frequency is known.

Rife also reported that an optical ray device of his invention could destroy the
pathogens. Follower of the Rifes work Hulda Regehr Clark used device of her own
construction, so called Zapper, which was connected to the human body with two
electrodes. About 15 years ago, Alexander Mishin claimed invention of coils, based
on the ideas of Nikola Tesla, which could wirelessly interact with pathogens and
destroy them.

Current study is investigating features of the Mishin coils and measuring their
parameters in order to give some insight on their usefulness and applicability.
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Reagentu un reakcijas apstaklu ietekme neaktivétu un fluora aktivétu silicija
dioksida stikla sintezes

Karina Taranda, lvita Bite, Linards Skuja, Madara Leimane
Latvijas Universitates Cietvielu fizikas institiits

Augstas tiribas pakapes sintétiskais SiO; stikls ir materials, ko izvélas dzili
ultravioleta, radiacijas izturigad un lieljaudas lazera optika, ka ari 1paSas optiskajas
Skiedras. SiO; stiklu aktivéjot ar F joniem, palielinds ta caurspidigums,
lazera/radiacijas izturiba, VUV absorbcijas robeza novirzas uz isakiem vilnu
garumiem [1] un samazinas gaismas lauSanas koeficients.

Darba laika tika pétitas un atkartotas neaktivétu un F-aktivétu SiO, stiklu sinté€zes un
mainiti to parametri, lai nov@rotu, ka S§is izmainas ietekmé stikla vizualo izskatu,
Ipasibas un sastavu. Rezutata divas sinté€zes uzradija sasniedzamos rezultatus: sintéze,
kura tika izmantoti reagenti TEOS, EtOH, H,O, HF [2] un sintéze, kura tika izmantoti
reagenti TEOS, H,O, HNO3, CH3COONHj, [3].

legiito SiO, stikla paraugu optikso Tpasibu raksturosanai tika izmantota Ramana
spektroskopija. Savukart, SiO, stiklu sastava, struktiru un morfologisko ipasibu
raksturoSanai tika izmantotas rentgenstaru difraktometrija, elektronu mikroskopija un
energijas dispersiva rentgenfluorescence.

Effect of reagents and reaction conditions on inactivated and fluorine activated
silica glass syntheses

Karina Taranda, Ivita Bite, Linards Skuja, Madara Leimane
Institute of Solid State Physics, University of Latvia

High purity synthetic SiO, glass is a material of choice for deep ultraviolet, radiation
resistant and high power laser optics as well as special optical fibers. SiO, glass
activation with F ions increases its transparency, laser / radiation resistance, shifts the
VUV absorption limit to shorter wavelengths [1], and reduces the refractive index.
During the work, syntheses of inactivated and F-activated SiO, glasses were studied
and repeated, and their parameters were changed to observe how these changes affect
the visual appearance, properties and composition of the glasses. As a result, two
syntheses showed achievable results: synthesis using TEOS, EtOH, H,0, HF [2] and
synthesis using TEOS, H,0, HNO3;, CH3COONH, [3].

Raman spectroscopy was used to characterize the optical properties of the obtained
Si0O, glass samples. X-ray diffractometry, electron microscopy and energy dispersive
X-ray fluorescence were used to characterize the composition, structures and
morphological properties of SiO; glass.

[1] H. Hosono, M. Mizuguchi, L. Skuja, T. Ogawa, OPTICS LETTERS, 24 (1999) 1549.

[2] R.Maehana, S. Kuwatani, K. Kajihara,K. Kanamura, THE CERAMIC SOCIETY OF JAPAN, 119
(2011) 393

[3] K. Kajihara, M. Hirano, H.Hosono, CHEMCOMM, (2009), 2580

This work was supported by the project No. 1zp-2018/1-0289 “Optical properties of advanced
silicon dioxide-based materials for ultraviolet and high-power photonics”.
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Natrija fosfata fosforiscentu stiklu ipasibu salidzinasana ar pulverveida stroncija
aluminata ipasibam

Agnese Spustaka®, Virginija Vitola®, Ivita Bite', Donats Millers’, Laeticia Petit?
'Latvijas Universitates Cietvielu fizikas institiits
*Tampere University of Technology

SrAl;O4:Eu,Dy un citi ar eiropiju aktivéti aluminati ir loti efektivi luminofori, kam
raksturiga ilga pécspidésana (fosforiscence) redzamaja spektra, istabas temperatiira.
Lai paplasinatu izmantoSanas iespé&jas, pieméram, optotehnika, sensoru izveidée, saules
panelos u.c., tiek pétitas arT keramikas un stikli ar ilgu p&cspidésanu.

Darba apskatita SrAl,04:Eu,Dy + XB (x=5 atom%, x=7 atom%) mikrodalinam
aktiveta fosforicgjosa fosfata stikla izveide. Petijuma gaita tika parbaudits, ka atsSkiras
stikla matrica ievietotu dalinu un atsevisku mikrodalinu (pulvera) luminiscentas
pasibas, lai noveérteétu izmainas. Lai padaritu So materialu praktiski pielietojamu, ta
pEcspidéSanai jabiit salidzinamai ar aluminatu pulveru fosforiscenci ilguma un
intensitates zina. leglitajiem paraugiem apskatita dalinu piejaukumu homogenitate ar
EDS metodi, ka ar apskatita paraugu termostimul&ta luminiscence, fotoluminiscence
un rentgenluminiscence.

Apkopojot rezultatus, secinats, ka stikla matrica veiksmigi aktivéta ar stroncija
aluminata dalinam un ir nov@rojama p&cspidésana, tomér luminiscences intensitate ir
samazinajusies, kas var€tu bt saistits ar dalinu degradaciju. Turpmakajos p&tijumos
butu jauzlabo dalinu diverggsana stikla matrica, lai iegitu dalinu telpisko sadalijumu
matrica tuvu vienmerigam.

Luminescence properties comparison between persistent luminescent sodium
phosphate glasses with powder strontium aluminate

Agnese Spustaka®, Virginija Vitola®, Ivita Bite', Donats Millers, Laeticia Petit?
! Institute of Solid State Physics, University of Latvia
*Tampere University of Technology

SrAl,04:Eu,Dy, as well as other aluminates doped with europium, are very efficient
luminophores characterized by long afterglow (phosphorescence) in the visible
spectrum, room temperature. Ceramics or glasses with persistent luminescence have
been of great interest as such materials could find applications in optoelectronics,
sensors, etc.

This study is based on preparation of phosphate glasses with SrAl,O4:Eu,Dy + xB
(x=5 atom%, x=7 atom%) microparticles using direct doping method. In this work
phosphate glass with microparticles and strontium aluminate powder were compared
in terms of luminescence properties. The practical applications of the afterglow of
phosphate glasses should be comparable to the luminescence of powder of strontium
aluminates in respect of duration and intensity. In this research were completed
analysis of microparticles homogeneity with EDS, as well as luminescence
characterization with thermally simulated, X-ray excited and photo luminescence.
Analysis of the experimental results showed that phosphate glasses revealing
persistent luminescence were successfully prepared with strontium aluminate
microparticles. However, the intensity of luminescence is significantly decreased due
to microparticles degradation. In further research it is crucial to increase homogeneity
of particles distribution in the host material.
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Neaktivéta un Ga-aktiveta ZnO nanostruktiiru sintéze

Mareks Senko, Ivita Bite, Agnese Spustaka, Donats Millers, Krisjanis Smits
Latvijas Universitates Cietvielu Fizikas Institiits

Cinka oksids (ZnO) ir materials ar augstu kimisko un fizikalo izturibu,
elektrovaditsp&ju, optiskam 1pasibam, salidzinoSu netoksiskumu, intensivu un atru
luminescenci, kas piesaista plasu pétnieku interesi ar potencialam izmantoSanas
iesp&jam vairaku industriju nozar€s. P&tijumi uzrada, ka 1pasibas ietekmé III grupas
clementi, tadi ka bors, aluminijs, gallijs, indijs, jo tic iebuiv&jas ZnO kristalrezgi,
uzlabojot optisko caurlaidibu un vadamibu. IpaSibas un izmantoSanu ietekmé ari
izveleta ZnO sintézes metode - sola-géla, hidrotermala, mikrovilnu asistéta metode.
Darba merkos ietilpst ZnO scintilatoru efektivitates pétiSana, veicot neaktivéta un Ga-
aktivéta (0.2;0.4;0.6;0.8;1at.%) ZnO nanostruktiru sint€zi, izmantojot mikrovilnu
asist€to un sola-g€la metodi. Salidzinat iegiitos rezultatus un novertet sintezes
metodes ka arT Ga koncentracijas ietekmi uz ZnO nanostruktiru luminescenci,
morfologiju.Paraugu raksturoS$anai un TpaSibu noteikSanai izmantotas vairakas
metodes: pulvera rentgendifraktometrija (XRD), skengjosa elektronu mikroskopija
(SEM), transmisijas elektronu mikroskopija (TEM), rentgenstaru fluoroscences
spektrometrija (EDX), fotoluminescence (PL), infrasarkana Furjé spektroskopija
(FTIR) un Ramana spektroskopija (RAMAN).

Un-doped and Ga-doped ZnO nanostructure synthesis

ey —

Institute of Solid-State Physics, University of Latvia

Zinc Oxide (ZnO) is a material with high chemical and physical stability, good optical
properties, relative non-toxicity, intense and fast luminescence which attracts a great
deal of research interest with potential applications in many industries. Studies show
that properties can be improved with elements of Il group (boron, aluminium,
gallium and indium) as they incorporate in the crystal lattice and improve optical
transmittance and electrical conductivity. The properties and application may also be
affected by the chosen synthesis method - sol-gel method, hydrothermal method,
microwave-assisted method and others

The objectives of the research include studying the effectiveness of ZnO scintillators,
by synthesizing non-doped and Ga-doped (0.2;0.4;0.6;0.8;1at.%) ZnO using
microwave-assisted synthesis and sol-gel method. Comparison of the obtained results
and evaluation of the impact of gallium concentration on the luminescence and
morphology of ZnO nanoparticles is presented. Several methods were used to
determine and characterize the properties of samples: X-ray diffractometry (XRD),
scanning electron microscopy (SEM), transmission electron microscopy (TEM),
energy dispersive x-ray spectroscopy (EDX), photoluminescence (PL), Ffourier-
transform infrared spectroscopy (FTIR) and Raman spectroscopy (RAMAN).

Pateiciba: The financial support of research grants ERA.NET RUS ST20170-051
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Neaktivéta un ar Li-aktivéta ZnO ieguve un ipasibu salidzinajums

Ramona Diirena’, lvita Bite, Agnese Spustaka®, Anzelms Zukuls?
'Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskds universitates Funkciondlo materialu zindtniska tehnologiju laboratorija

Cinka oksids (ZnO) ir platas aizliegtas zonas pusvaditajs ar liclu eksitonu saites
energiju 60 mV, kadél ZnO eksitoni novérojami ari istabas temperatiira. Lai ZnO
ipaSibas pielagotu nepiecieSamajam pielietojumam, to aktivé ar dazadiem metalu
joniem. Vairakos literatiiras avotos zinots, ka Li* joni ta maza radiusa dél var aizvietot
Zn?* jonus ZnO kristalrezgi, ka ari iespiesties kristalrezga starpmezglu telpa. Arf
sintézes metode ietekmé ZnO 1pasSibas un pievienota aktivatora inkorporaciju ZnO
kristalrezgi, ka arT kristalu formu un izmé&rus.

Darba mérkis bija izp&tit Li* jonu ietekmi uz ZnO ka scintilatora materialu.

Darba apskatita neaktivéta ZnO sintéze un ar Li-aktivéta ZnO sint€ze ar hidrotermalo
un mikrovilnu asistéto sintézes metodem. Sintez&to paraugu Li* jonu koncentracija: 0,
0,5,1,3un5 %.

legiito materialu struktiira un ipasibu noteikSanai izmantotas vairakas metodes —
rentgenstaru difrakcijas analize (XRD), skengjoso elektronu mikroskopija (SEM),
transmisijas elektronu mikroskopija (TEM), fotoluminiscence (PL).

Preparation of non-activated and Li-activated ZnO and characterization of
properties

Ramona Durena’, lvita Bite', Agnese Spustaka®, Anzelms Zukuls
YInstitute of Solid State Physics, University of Latvia
*Research Laboratory of Functional Materials Technologies, Riga Technical University

Zinc Oxide (ZnO) is a wide band gap semiconductor with high exciton energy 60mV,
thus the excitons can be observed even at room temperature. To adapt the properties
of ZnO to the application required, it is activated by various metal ions. It has been
reported in several literature sources that Li* ions, due to their small radius, can
replace Zn?* ions in the ZnO crystal lattice, as well as occupy interstitial position. The
synthesis method also affects the properties of ZnO and the incorporation of the
activator into the ZnO crystalline lattice, as well as the shape and size of the crystals.
The aim of this work was to investigate the effect of Li* ions on the properties of ZnO
as a scintillator material.

In the present study non-activated ZnO samples and Li-activated ZnO samples were
obtained by hydrothermal and microwave assisted synthesis methods. The
concentration of Li* ions in the synthesized samples were 0, 0.5, 1, 3 and 5%.

Several methods have been used to determine the structure and properties of the
materials obtained — X-ray diffraction analysis (XRD), scanning electron microscopy
(SEM), transmission electron microscopy (TEM), photoluminescence (PL).

Financial support provided by Scientific Research Project for Students and Young

Researchers Nr. SJZ/2019/6 realized at the Institute of Solid State Physics, University
of Latvia is gratefully acknowledged.

44



Stenda referati, 12. februaris

Ar hromu legéta aluminija oksida izmantojamiba dozimetrija

Ernests Einbergs, Aleksejs Zolotarjovs, Krisjanis Smits, Ivita Bite, Laima Trinklere
Latvijas Universitates Cietvielu fizikas institiits

Dozimetrija ir plasi izplatita cietvielu fizikas nozare, kura p&ta joniz&josa starojuma
izsauktos elektroniskos procesus un specializgjas joniz&josa starojuma detekté$ana un
dozas noteikSana. Materiala dozimetriskas 1pasSibas galvenokart nosaka ta kristaliskas
struktiiras piejaukuma joni un lokalie matricas defekti, kuri veidojas ja piejaukuma
jonam ir véra nemama izmera vai oksidacijas pakapes atskiriba.

Petijuma galvenais mérkis ir pielagot aluminija oksidu dozimetrijas prasibam, pé&tot
hroma leg€Sanas ietekmi uz luminiscences ipasibam ar noliiku palielinat ladinnesgju
kerajcentru skaitu piejaukuma jona lokalaja apkartné.

Petijjumam tika sintezétas porainds AlO3:Cr mikrodalinas ar dazadam Cr
koncentracijam ar sol-gel metodi. Iegutie dati norada uz to, ka no visam pétitajam
piejaukumu jonu koncentracijam visaugstako XRL un TSL signalu sniedz paraugs ar
0.2 wt% Cr,03. Veiktais petijums piedava jaunu dozimetrisko materialu ar vélamam
fiziskajam un kimiskajam 1paSibam ka ar1 zemakam razoSanas izmaksam ka paslaik
plasi izmantotajiem dozimetriskajiem materialiem.

Chromium doped alumina usability in dosimetry

ey —

Institute of Solid State Physics, University of Latvia

Study of radiation induced electronic processes in materials precipitated a now
widespread material science field called dosimetry, which specializes in ionizing
radiation detection and quantification. The performance of most materials used for
dosimetry applications is mainly governed by the impurity ions in the crystalline
lattice coupled with lattice imperfections around them (with a meaningful difference
in size or oxidation state compared to host ions).

In this study, we explored augmentation of luminescent properties of alumina caused
by chromium ion doping, with a goal of increasing the quantity of charge carrier traps
in the crystalline lattice.

For this study, porous Al,05: Cr microparticles were synthesized with sol-gel method.
We have found that 0.2 wt% of Cr,05 yielded the highest XRL and TSL readout of
all the studied concentrations added to alumina during synthesis. Our results display a
promising use case for Cr doped alumina. The conducted study provides information
on a new alternative to the already existing ionizing radiation dosimetric materials
with the desirable physical and chemical properties as well as relatively lower
manufacturing cost.

The financial support of 1zp 2018/1-0361 project is greatly acknowledged.
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Zn0O nanovadu izmantoSana oksidu pulveru mainstravas elektroluminiscentajos
elementos

Eriks Vilunas, Katrina Laganovska, lvita Bite, Edgars Butanovs
Latvijas Universitates Cietvielu fizikas institiits

Pulveru mainstravas elektroluminiscentas (ACPEL) iericem ir liels potencials
izmantoSanai displejos un liela meroga apgaismosanai, tomér Sobrid izmantotie
sulfidu materiali atri degrad€jas un ir loti jutigi pret mitrumu, kas nozimé, ka ir
nepiecieSama to iekapsuléSana. Tas palielina razosanas izmaksas un ierobezo
komercialo izmantoSanu. Stabilakie oksidu materiali varétu biit laba alternativa, tomeér
ilgu laiku tie ir tikuSi uzskatiti par nepiemérotiem augsta darba sprieguma dél.
Nesenie pétijumi liecina, ka ZnO nanovadu slana ieklauSana starp elektrodu un
luminiscento slani izraisa lauka pastiprinasanos un biitiski samazina sist€émas darba
spriegumu.

Darba gaita tika veikta ACPEL elementa izveidoSana un ta ipaSibu pétiSana. ZnO
nanovadi tika sintez&ti uz ar indija alvas oksidu (ITO) parklatas stikla virsmas ar
mikrovilnu asistétas sint€zes metodi un tie tika parklati ar fosforescento oksidu
pulveriem. RaksturoSanai tika izmantota sken&josa elektronu mikroskopija (SEM),
pulvera rentgendifraktometrija (XRD) un elektroluminiscence (EL).

Usage of ZnO nanowires in alternating current driven oxide powder
electroluminescent elements

Eriks Vilunas, Katrina Laganovska, Ivita Bite, Edgars Butanovs
Institute of Solid State Physics, University of Latvia

Alternating current driven powder electroluminescent (ACPEL) devices have great
potential in display and large scale illumination applications, however the currently
used sulfide materials degrade quickly and are highly sensitive to moisture, requiring
encapsulation. This increases the costs of manufacturing and largely renders
commercial applications non-viable. Oxide materials are more stable and would offer
a good alternative, however, up until now they have been dismissed due to the need of
high operating voltages. Recent studies have shown that incorporating a layer of ZnO
nanowires between the electrode and the phosphoric layer creates a field enhancement
effect and significantly reduces the operating voltage of the system.

In this work an ACPEL element was created and its properties researched. ZnO
nanowires were synthesized on indium tin oxide (ITO) coated glass using microwave
assisted synthesis and coated with phosphorescent oxide powders. For
characterisation, scanning electron microscopy (SEM), powder x-ray diffractometry
(XRD) and electrominescence (EL) were used.
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Sudraba nanodalinas un retzemju jonus saturoSu oksifluoridu stikla keramiku
pétijumi
Kaspars Vitols, Meldra Kemere, Andris Antuzevics
Latvijas Universitates Cietvielu fizikas institiits

Ar retzemju joniem aktivéta oksifluoridu stikla keramika ir perspektivs materials
pielietojumam optiskas apgaismes iericés, medicina, optiskas skiedras u.c. Sudraba joni
un to apkopojumi (nanodalinas un nanoklasteri) ir pielietojami medicina, optoelektronika
utt., turklat tie sp€j ar1 uzlabot retzemju jonu luminiscences efektivitati.

Eu** jonu luminiscence ir oksifluoridu stikla keramika plasi pétita, tatu nav lidz galam
izpétita tas mijiedarbiba ar sudraba joniem un nanodalinam. Darba pétita Ag nanodalinu
veidoganas un Eu® luminiscences Tpasibas oksifluoridu stikla keramika.

Tika sintezgti trTs oksifluoridu sérijas stikli ar sastavul4K,0-13KF-8YF3-6Al,03-58SiO,-
0.1Sn0,, kas aktivéti ar 0.1 mol% GdF3, 1mol% EuF; un AgNO; dazadas koncentracijas
(0, 0.005, 0.05 mol%). Karsgjot stikla paraugus 500 - 750 °C temperatiira 1-16 stundas,
tika iegiiti stikla keramikas paraugi. Paraugiem tika veikti luminiscences ierosmes,
emisijas un absorbcijas, rentgenstaru difrakcijas (XRD) un elektronu paramagnétiskas
rezonanses (EPR) mérijumi.

Stikla keramika ar sudrabu paradas absorbcijas joslas (350-500nm), kas saistamas ar
virsmas plazmonu rezonansi, kura ir raksturiga metaliskam sudraba nanodalinam. Pie UV
ierosmes novérota plata luminiscences josla, kas saistama ar Eu?* luminiscenci, sudraba
jonu luminiscence nav novérota. Stikla keramikas Eu®* luminiscences spektros
novérojama nelielas joslu izmainas. XRD aina apstiprina K3YFg nanokristalitu
izveidoSanos, bet taja nav redzami sudraba nanodalinam raksturigie maksimumi.

Studies of silver nanoparticles and rare earth ion containing oxyfluoride glass
ceramics

Kaspars Vitols, Meldra Kemere, Andris Antuzevics
Institute of Solid State Physics, University of Latvia

Oxyfluoride glass ceramics doped with by rare earth ions are a perspective material for
use in optic lighting devices, medicine, optical fibers, etc. Silver ions and their clusters
(nanoparticles and nanoclusters) can be used in medicine, optoelectronics, etc.
Additionally, they can improve the efficiency of rare earth ion luminescence.

Eu®* ion luminescence has been widely researched in oxyfluoride glass ceramics, and yet
its interaction with silver ions and nanoparticles has not been fully explored. The
formation of Ag nanoparticles and luminescence properties of Eu®" in oxyflouride glass
ceramics are the focus of this study.

Three oxyfluoride series glass variants were synthesized with composition 14K,0-13KF-
8YF;-6Al,03-58S5i0,-0.1Sn0O, which has been doped with by 0.1 mol% GdFs;, 1mol%
EuF; and AgNO; in different concentrations (0, 0.005, 0.05 mol%). Glass ceramic
samples were obtained by heating glass samples at 500 — 700 °C temperature for 1-16
hours. Measurements of luminescence excitation, emission and absorption, as well as X-
ray diffraction (XRD) and electron paramagnetic resonance (EPR) were performed on the
samples.

Absorption bands (350-500nm) were observed in glass ceramics with silver, which are
associated to surface plasmon resonance characteristic of metallic silver nanoparticles.
Under UV excitation wide luminescence bands were observed, which can be associated
with Eu?* luminescence, silver ion luminescence was not observed. Slight changes of
bands were observed in Eu** luminescence spectrum. XRD spectrum confirms KsYFe
nanocrystallite formation, but maximums characteristic of silver nanoparticles are not
observed.
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Cr* PARAMAGNETISKA ZONDE LaOCl|

Haralds Ozols, Andris Antuzevics, Guna Krieke,
Latvijas Universitates Cietvielu fizikas institiits

Materialu pétijumiem ar elektronu paramagnétiskas rezonanses (EPR) metodi ka
aktivatoru tipiski izmanto Gd** vai Mn2+, tomer, petot dazadus aktivatorus LaOClI,
netipisks EPR signals tika novérots cr¥,

Darba gaita tika sintezéti LaOCI:Cr®" paraugi ar dazadam Cr®* koncentracijam:
0.01 mol%, 0.1 mol% and 0.5 mol%.

LaOCI:Cr¥" EPR spektrs norada uz superhipersikstruktiiru (shfs), ko varétu izskaidrot
ar elektronu-kodolu mijiedarbibu starp Cr’* un apkartgjiem Cl kodoliem. Palielinot
Cr** koncentraciju parauga, palielinds EPR spektra intensitate, neparbidot shfs Iinijas.
Petot parauga luminiscenci, tika noteikts, ka istabas temperatiira luminiscence nav
noverojama, bet zemakas temperatiiras luminiscences intensitate ievérojami palielinas.
Apkopojot rezultatus no ekperimentalajiem EPR un luminiscences datiem, ka ari
modelgjot EPR spektru, tiek veikti secindjumi par Cr** ipasibam LaOCI struktiira.

Cr®* PARAMAGNETIC PROBE IN LaOCI

Haralds Ozols, Andris Antuzevics, Guna Krieke
Institute of Solid State Physics, University of Latvia

For electron paramagnetic resonance (EPR) studies of materials, activators such as
Gd* or Mn?* are typically used, however while studying different activators in LaOClI,
an atypical EPR spectrum was observed for Cr*.

In this work LaOCI:Cr** samples have been studied with different concentrations of
Cr**: 0.01 mol%, 0.1 mol% and 0.5 mol%.

EPR spectrum of LaOCI:Cr** consists of a superhyperfine structure (shfs) which can
be explained with electron-nucleus interactions between Cr®* and the surrounding Cl
nuclei. The intensity of the EPR spectrum increases with increasing the Cr**
concentration in the sample without shifting the shfs structure. Luminescence study of
the material shows that there is virtually no luminescence at room temperature,
however at lower temperatures luminescence intensity greatly increases.

Based on the EPR and luminescence experimental data and EPR spectra simulations,
the properties of Cr®* as an activator in LaOCI are discussed.

The financial support of Latvian Council of Science grant LZP-2018/1-0335 “Novel
transparent nanocomposite oxyfluoride materials for optical applications” is greatly
acknowledged.
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Jauna metode ar retzemju elementiem dopétu TiO; nanokristalisko pulveru
iegiSanai un to fotokatalitiskas 1pasibas

R. Burve, P. Rodionovs, V. Serga, A. Krimina
Neorganiskas kimijas institits, Materialzindatnes un lietiSkas kimijas fakultate,
Rigas Tehniska universitate

Titana dioksids (TiO,) ir pusvaditajs ar platjoslas energétisko spraugu, kurs kluvis par
vispopularako fotokatalizatoru vides problému risinasanai. Daba TiO, ir sastopams
tris polimorfas kristaliskas modifikacijas: brukits, anatazs un rutils. TiO; optiskas un
fotokatalttiskas ipasibas ir atkarigas no ta kristaliskas struktoras. Turklat ar dopanta
palidzibu var uzlabot TiO; nanostruktiiru absorbcijas ipasibas un fotokatalitisko
aktivitati. Daudzsolosi dopanti ir retzemju elementi (RE). RE elementu klatbiitne
paaugstina fazu parejas no anataza uz rutilu temperatiru.

Saja pétijuma tika pagatavoti tiri un ar Ce—, Eu—, Gd—dopéti (0,5 un 5 mol%) TiO,
nanokristaliski pulveri, izmantojot  jaunu sintézes panémienu -
ekstrakcijas—pirolitisko metodi (EPM). Metalus saturo$os ekstraktus (prekursorus)
legust, veicot Skidruma ekstrakciju, ka ekstrahentu izmantojot baldrianskabi. Visi
sintez€tie prekursori un to maisijumi pétiti ar termogravimetrisko analizi (TGA) un
augsttemperattiras diferencialo sken&joso kalometriju (HDSC). Pulveru iegiiSanas
nakamaja stadija prekursori tika termiski apstradati. Tiru un ar RE dopétu TiO,
pulveru kristalizacija un fazu parejas pétitas ar rentgenstaru difrakcijas (XRD) metodi
ka funkcija no pirolizes temperatiiras un dopanta daudzuma. legiito pulveru
fotokatalitiska aktivitate pétita, fotokatalitiski sadalot metilénzilo.

A new route for rare earth—doped TiO; nanocrystalline powders production and
its photocatalytic properties

R. Burve, P. Rodionovs, V. Serga, A. Krumina
Institute of Inorganic Chemistry, Faculty of Materials Science and Applied Chemistry,
Riga Technical University

Titanium dioxide (TiO,) is a large band gap semiconductor, which became the most
popular photocatalyst to solve environmental problems. In nature TiO, has three
polymorphic crystalline modifications: brookite, anatase and rutile. Optical and
photocatalytic properties of TiO, depend on its crystalline structure. Moreover,
absorption properties and the photocatalytic activity of TiO, nanostructures can be
improved by doping. Promising dopants are rare—earth elements (RE). The presence
of RE elements increases the temperature of anatase to rutile phase transition.

In the present work, a series of pure and Ce—, Eu—, Gd—doped (0,5 and 5 mol%) TiO,
nanocrystalline powders were prepared by a new route — extraction—pyrolytic method
(EPM). Metal containing extracts (precursors) were produced by liquid-liquid
extraction using valeric acid as extractant. All produced precursors and its mixtures
were investigated by thermogravimetric analysis (TGA) and high temperature
differential scanning colometry (HDSC). As next step for powders production
precursors were thermally treated. Crystallization and phase transitions of undoped
and RE—doped TiO, powders were studied as a function of pyrolysis temperature and
dopant amount by X-ray diffraction (XRD) method. Photocatalytic activity of
produced powders was studied by photocatalytic degradation of methylene blue.
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Radionuklidu fitoremediacija no tidenstilpném izmantojot vetiveru Chrysopogon
zizaniodes

Karlis Brants', Daina Riekstina®, Vladimirs Gostilo®, Gederts Ievins®, Gunta Kizane®*
! Latvijas Universitates Biologijas fakultdte
’Latvijas Universitates Cietvielu fizikas institiits
*Baltic Scientific Instruments
* Latvijas Universitates Kimiskas fizikas institiits

Patreiz izmantotas fizikalas un kimiskas radioaktiva piesarnojuma attirisanas metodes
ir dargas un sarezgitas. Salidzino$i I&ta un iedarbiga vides piesarnojuma attirisanas
tehnologija ir fitoremediacija. Darba mérkis bija novértét vetivera Chrysopogon
zizaniodes izmantoSanu tdenstilpnu attiriSanai no radionuklidiem. Tika noteikta
uzkrata dabigo radionuklidu K-40, Ra-226 un Th-228 aktivitates koncentracija briva
daba ddenstilpnés augusiem augiem. Eksperimenti tika veikti divas Rigas
tidenstilpnés: Kileveina gravi un Viesturdarza diki, augus izvietojot uz plostiem. P&c
10 ned€lu augSanas augus novaca, izzavéja un veica gamma-Spektrometrijas
merjjumus atseviski vetivera sakném un dzinumiem (paraugu tilpums — 1000 ml,
paraugu masa 15 — 29 g, mériSanas ilgums — 24 stundas). Abu tidenstilpnu paraugos
zemaka radionuklidu koncentracija tika konstat€ta augu sakn€s, pie kam K-40
aktivitate bija augstaka par Ra-226 un Th-228 aktivitati. Mérfjjumos noteikta K-40
aktivitate augu dzinumos bija 1150 Bg/kg Kileveina gravi un 870 Bq/kg Viesturdarza
diki. Turpinot radionuklidu fitoremediacijas p&tijumus ar vetiveru, biitu nepiecieSams
veikt 1Tdzigus p&tijumus maksliga vide, kas satur Cs-137.

Phytoremediation of radionuclides from water using vetiver Chrysopogon
zizaniodes

Karlis Brants', Daina Riekstina®, Vladimirs Gostilo®, Gederts levins', Gunta Kizane®*
Faculty of Biology, University of Latvia
“Institute of Solid State Physics, University of Latvia
*Baltic Scientific Instruments
*Institute of Chemical Physics, University of Latvia

Nowadays employed physical and chemical methods for clean-up of radioactivity
contaminated sites are expensive and complicated. Phytoremediation is a relatively
cheap and effective technology for removal of environment pollutants. The aim of
present work was to assess a possibilty to use the vetiver Chrysopogon zizaniodes for
removal of radionuclides from water bodies. The accumulated activity concentration
of natural radionuclides K-40, Ra-226, and Th-228 has been determined in plants
growing in two open air water reservoirs within Riga territory: the Kilevein ditch and
the pond of Viestur’s Garden. Vetiver plants were set on rafts and left to grow for a 10
week period. Then, plants were harvested and dried. Separate gamma-spectroscopy
measurements were performed for samples made of vetiver roots and stems. The
sample volume was — 1000 ml, weigth 15 — 29 g, the measurement time — 24 hours. In
the case of both water reservoirs, the lowest radionuclide activity has been determined
in plant roots, and the K-40 activity was higher than that of Ra-226, and Th-228. The
K-40 activity in the samples made of retiver stems was 1150 Bg/kg in the case of the
Kilevein ditch, and 870 Bq/kg in the case of the Viestur’s Garden pond. In future, it
would be necessary to perform analogous phytoremediation study with vetiver in the
case of artificial environment containing Cs-137.
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Use of TL/OSL reader “Freiberg Instruments” for characterization of new
dosimetric materials

Janis Cipa, Laima Trinklere, Baiba Bérzina, Valdis Korsaks
Institute of Solid State Physics, University of Latvia

Interaction of ionizing radiation or UV light with wide band materials results in
ionization - transfer of the previously bound electrons and holes into
conduction/valence bands and their trapping on the trap cetres. Supply of additional
stimulation energy in the form of heat or light releases charge carriers, causing
thermoluminescence (TL) or optically stimulated luminescence (OSL). Aim of the
given study is development of new prospective materials for dosimetry needs and
elucidation of energy storage and recombination luminescence mechanisms in them.
In our project the prospective wide band materials (doped AIN ceramics, Al,Os3-Cr,
LiGaO,) are studied for use as luminescence detectors of UV and ionizing radiation
using the methods of TL and OSL. The newly acquired TL/OSL reader from Freiberg
Instruments well suits implementation of the project tasks. Thermal, spectral and
timing properties of the TL and OSL from the studied materials characterized by the
new instrument will be analysed for potential application for the dosimetric needs.

“Freiberg Instruments” TL/OSL ierices
izmantoSana jaunu dozimetrisko materialu raksturoSanai

Janis Cipa, Laima Trinklere, Baiba Bérzina, Valdis Korsaks
Latvijas Universitates Cietvielu fizikas institiits

Jonizgjosas radiacijas un ultraviolétas gaismas iedarbiba uz platzonu materialiem
izraisa jonizaciju — iepriek§ saistito elektronu un caurumu Papildus
energijas piegade siltuma vai gaismas forma atbrivo sakertos ladina nesgjus, izraisot
termoluminicenci (TL) vai optiski stimuléto luminiscenci (OSL). ST pétijuma
mérkis ir izstradat jaunus perspektivus materialus dozimetrijas vajadzibam un precizét
tajos energijas uzglabasanas un rekombinacijas luminiscences mehanismus. Miisu
projekta tiek pétiti perspektivi platzonu materiali (AIN keramikas, Al,O3-Cr, LiGaO,),
kurus varétu pielietot UV gaismas un jonizgjosa starojuma detektoros, izmantojot TL
un OSL metodes. Nesen iegadata “Freiberg Instruments” TL/OSL ierice tiek
izmantota projekta uzdevumu TstenoSanai. Pateicoties §Ts ierices izmantosanai tika
izpétiti jauno materialu TL un OSL termiskie, spektralie un laika parametri, kas tiks
analizgti, lai noverte€tu materialu pielietojamibu dozimetrijas joma.

The financial support of I1zp 2018/1-0361 project is greatly acknowledged.
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Ar Mn** joniem aktivéta MgGeOs ilgspido§a luminiscence

Aija Kalnina, Guna Doke
Latvijas Universitates Cietvielu fizikas institiits

Dazadi luminofori tiek plasi pielietoti, sakot no izklaides industrijas Iidz pat
tehnologiskiem izaicinajumiem medicina. Ilgspidosa luminiscence ir daudz pétita
zilaja un zalaja spektra apgabala, bet daudz mazak ir pétfjumu par Siem procesiem
spektra sarkanaja un ifrasarkanaja dala, tapec Saja darba ka aktivators izvélets
divvertigs mangans, kur§ izteikti luminiscé spektra dala no 600-800 nm. Viens no
faktoriem, kas ietekmé izstarota starojuma intensitati konkréta viela, ir piejaukumu
koncentracija, tapéc noderigi zinat, ka mainas luminiscences intensitate MgGeOs3
atkariba no pievienota Mn?* daudzuma.

Darba gaita ieguti MgG603:I\/In2+ paraugi ar koncentracijam 0 mol%, 0,1 mol%,
0,25mol%, 0,5 mol%, 0,75 mol%, 1 mol%, 1,5 mol%, 2 mol%, 5 mol% un 10 mol%.
Paraugos, kas ierosinati gan ar UV starojumu, gan rentgenstarojumu novérojama
intensiva sarkana luminiscence ar maksimumu ap 680 nm un p&cspidéSana vairaku
stundu garuma.

Darba gaita uznemti luminiscences un pécspidéSanas spektri, izméritas dziSanas
kinétikas, no kuram var spriest par p&cspidéSanas ilgumu. Papildus tika veikti
termostimulétas luminiscences, rentgendifrakcijas u.c. m&rfjumi.

Presistent luminescence of Mn**doped MgGeOs;

Aija Kalnina, Guna Doke
Institute of Solid State Physics, University of Latvia

A variety of luminophores are widely used ranging from the entertainment industry to
the technological challenges of medicine. Persistent luminescence has been studied in
the blue and green spectral regions, however much less research has been devoted to
the red and infrared part of the spectrum. Therefore, in this study divalent manganese,
which is highly luminescent from 600 to 800 nm, has been selected as the activator.
The intensity of luminescence in a given material depends on the concentration of
impurities, so it is useful to know how the luminescence intensity of MgGeO; varies
with the amount of Mn?* concentration.

In the course of this research MgGeOz:Mn?* samples with Mn?®* concentration of 0
mol%, 0.1 mol%, 0.25 mol%, 0.5 mol%, 0.75 mol%, 1 mol%, 1.5 mol%, 2 mol%, 5
mol% and 10 mol% were prepared. Samples excited by both UV and X-rays exhibit
intense red luminescence and afterglow for several hours with a peak around 680 nm.
During the research the luminescence and afterglow spectra were taken, the decay
kinetics were measured, from which the duration of the afterglow can be evaluated.
Additionally, thermostimulated luminescence, X-ray diffraction etc. measurements
were made.
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Ilgstosa pécspidésana tuvaja infrasarkanaja spektra apgabala ar hroma joniem
aktivéta CaZnGe,Og materiala

Guna Doke, Guna Krieke, Maris Springis, Andris Antuzeviés, Anatolijs Sarakovskis
Latvijas Universitates Cietvielu fizikas institiits

Sobrid ir pladi pieejama informacija par ilgspidoSiem materiliem, kuru emisija
noverojama spektra redzamaja apgabala, savukart publikacijas par materialiem, kuros
ilgstoSa pecspidéSana ir noverojama tuvaja infrasarkanaja spektra apgabala ir
salidzinosi neliela skaita. Lai iegttu ilgstoSu pe€cspidésanu Saja spektra apgabala, par
vienu no piemérotakajiem aktivatoriem tiek uzskatits Cr*.

Darba gaita, izmantojot cietfazu sint€zes metodi, sintezets CaZnGegOG:Cr3+ materials
ar Cr** koncentraciju 0,5 mol%.

Materialam, to ierosinot gan ar rentgenstarojumu, gan ar UV, novérojama plata
luminiscences josla ar maksimumu ap 800 nm. P&c apstaroSanas partrauksanas,
noverojama ilgstoSa pécspidésana. Papildus Siem mérijumiem, paraugs tika analizets
izmantojot tadas metodes ka rentgenstaru difrakcija, elektronu paramagnétiska
rezonanse, termiski stimulétas luminiscences merijumi, u.c.

Apkopojot rezultatus, tika izdariti secinajumi par ilgstoSas pecspidésanas procesiem
CazZnGe,0g:Cr** materiala.

Near infrared long persistent luminescence of chromium doped CaZnGe,0s
material

Guna Doke, Guna Krieke, Maris Springis, Andris Antuzevics, Anatolijs Sarakovskis
Institute of Solid State Physics, University of Latvia

Currently, there is a widely available information on long persistent luminescence
materials with emission in the visible spectral range, while number of publications on
afterglow in the near-infrared spectral range is relatively small. Cr®* is considered to
be one of the most suitable activators for afterglow in this region of the spectrum.
During the work CaZnGe;Os:Cr** material with Cr** concentration of 0.5 mol% was
synthesized by solid state synthesis method.

The material exhibits a broad luminescence band with a peak around 800 nm, excited
by both X-rays and UV. After cessation of irradiation, afterglow is observed. In
addition to these measurements, the sample was analyzed using methods such as X-
ray diffraction, electron paramagnetic resonance, thermal stimulated luminescence
measurements, etc.

Summarizing the results, conclusions were drawn about the processes of long
persistent luminescence in CaZnGe,Og: Cr** material.

Financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZ/2019/8 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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Temperatiiras un sastiva ietekme uz Gd** iebiivesanos
oksifluoridu stikla keramikas Cak, fazée

Jekabs Cirulis, Andris Antuzevics, Guna Krieke
Latvijas Universitates Cietvielu fizikas institiits

Caurspidigas ar retzemju joniem aktivetas oksifluoridu stikla keramikas ir potenciala
alternativa augstas efektivitates luminisc€josu materialu izstradé. Aktuali ir kontrolét
aktivatoru iebtivésanos stikla keramikas kristaliskaja faze.

Saja pétijuma tika sintezéti stikli ar sekojosiem sastaviem: 46 SiO2 — 20 Al203 — 8
CaCO; — 25.9 CaF, — 0.1 GdF; (STD) un STD — 20.9 CaF, — 5 XF, kur X ir Li, K,
Na. Paraugi tika karséti dazadas temperatiras un tiem tika veikta elektronu
paramagnétiskas (EPR) rezonanses un rentgenstaru difrakcijas analize.

No EPR spektriem var iegtit kvantitativu informaciju par Gd** jonu iebiivésanos CaF;
kristaliskaja faze. Merfjumi paraléli tika veikti polikristaliskiem CaF, paraugiem ar
meérki raksturot Gd* jonu iebuivéSanas dinamiku stikla keramikas kristaliskaja faze
atkariba no parauga sastava un apdedzinasanas temperatiiras.

Temperature and composition effect on Gd** incorporation
in CaF, phase of oxyfluoride glass ceramics

Jekabs Cirulis, Andris Antuzevics, Guna Krieke
Institute of Solid State Physics, University of Latvia

Transparent rare earth doped oxyfluride glass ceramics is potential alternative for high
efficiency luminescent materials. It is of interest to control the incorporation of
activator ions in the crystalline phase of glass ceramics.

Following glass compositions were synthesized: 46 SiO, — 20 Al,O3 — 8 CaCO3 —
25.9 CaF, — 0.1 GdF; (STD) and STD — 20.9 CaF2 — 5 XF where X is Li, K, Na.
Samples were treated at different temperatures, electron paramagnetic resonance
(EPR) and x-ray diffraction analysis was carried out.

The EPR spectra contain quantitative information about incorporation of Gd*" ions in
CaF, crystalline phase. In addition, measurements for polycrystalline CaF, samples
were made to characterize Gd** incorporation dynamics depending on the
composition and annealing temperature of glass ceramics.

The financial support of Latvian Council of Science grant LZP-2018/1-0335

“Novel transparent nanocomposite oxyfluoride materials for optical applications”
is greatly acknowledged.
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Eiropija jonu sadalijuma un ipasibu kvantitativa analize stikla keramika

Elina Pavlovska, Andris Antuzevics, Guna Krieke
Latvijas Universitates Cietvielu fizikas institiits

Caurspidiga stikla keramika ir kompozitmaterials, kura amorfa stikla fazeé atrodas
izkliedeti nanokristali. Ta ka caurspidigam stikla keramikam ir vairaki iesp&jamie
pielietojumi fotonika, svarigi ir novertét aktivatoru jonu iebtivéSanos kristaliskaja faze,
ka arT raksturot optiskas 1pasibas kvantitativi.

Darba gaita sintezétas stikla keramikas, kas satur CaF,:Eu®" kristalisko fazi, ar Eu®
koncentracijam no 0.5-10 mol%. Paraugiem veikti rentgendifrakcijas mérijjumi, no
kuriem iesp&ams noveérte€t aktivatoru jonu iebiivéSanas efektivitati, izmantojot
kristaliska rezga konstantes izmainas atkariba no Eu®* koncentracijas.

Paraugus ierosinot ar 420-530 nm starojumu, tika izm@&riti luminiscences ierosmes
spektri. Luminiscences spektros redzamas Eu** raksturigas luminiscences joslas.
Noteikts, ka luminiscences intensitate stikla keramika pieaug, palielinot eiropija jonu
koncentraciju. Selektivas ierosmes spektroskopija tika izmantota, lai noteiktu, cik
dazadas pozicijas stikla keramika atrodas eiropija joni.

Quantitative analysis of Europium ion distribution and properties in glass
ceramics

Elina Pavlovska, Andris Antuzevics, Guna Krieke
Institute of Solid State Physics, University of Latvia

Transparent glass ceramics are composite materials, in which nanocrystals are
distributed in glass phase. Transparent glass ceramics have several potential
applications in photonics, therefore it is important to evaluate the incorporation of the
activator ions in the crystalline phase and to quantify optical properties.

Glass ceramics containing CaF,:Eu** crystalline phase with Eu®* concentrations in the
0.5-10 mol% range were synthesised. X-ray diffraction measurements were
performed, which allowed to evaluate the efficiency of activator ion incorporation
using the change of the lattice constant as a function of Eu®* content.

Samples were excited with 420-530 nm and luminescence excitation spectra were
megasured. The luminescence spectra show the characteristic luminescence bands of
Eu’".

The intensity of luminescence increases with the increase of europium ion content.
Site selective spectroscopy was used to determine the number of non-equivalent
positions of europium ions in glass ceramics.

The financial support of Latvian Council of Science grant LZP-2018/1-0335 “Novel

transparent nanocomposite oxyfluoride materials for optical applications” is greatly
acknowledged.
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AIN:Mn pulveru luminescence

Rihards Ruska, Baiba Bérzina, Laima Trinklere, Guna Krieke, Andris Antuzeviés, Janis Cipa
Latvijas Universitates Cietvielu fizikas institiits

AIN:Mn makro un nano izméru pulveriem tika pé&tita luminiscence, lietojot spektralas
metodes, kas ietver fotoluminiscences un tas ierosmes spektru mérfjumus un
luminiscences kingtikas pétijumus. Visos materialos domin&josa bija labi zinama
sarkana Mn luminiscence ar joslas maksimumu pie 600 nm. Tika novérots, ka St
luminiscence ierosinas divos spektra apgabalos, veidojot platas un saliktas joslas pie
520 nm un 260 nm. Tika arT noverots, ka atbilstoSi abam AIN:Mn ierosinaSanam pie
520 nm un 260 nm, veidojas ilgi spidosa luminiscence.

Iegiito rezultatu analize un to salidzinasana ar rezultatiem, kas iegiiti AIN, kas nesatur
speciali ievaditus piemaisijumus, lauj secinat, ka AIM:Mn sarkano Mn spidéSanu
izsauc divi defektu-raditi luminiscences mehanismi. Viens no tiem ir iekScentra
mehanisms, bet otrs ir rekombinacijas luminiscences mehanisms, kas realizgjas
AIN:Mn to ierosinot atbilsto$i 520 nm un 260 nm joslas.

Luminescence of AIN:Mn powders

Rihards Ruska, Guna Krieke, Andris Antuzevics, Baiba Berzina, Laima Trinkler, Janis Cipa
Institute of Solid State Physics, University of Latvia

Luminescence of AIN:Mn macro- and nano-size powders was studied using material
spectral characterization including measurement of photoluminescence and its
excitation spectra as well as luminescence kinetics. The well known Mn-caused red
luminescence peaking at 600 nm appeared being dominant in all materials. It was
observed that there are two spectral regions where the red luminescence can be
excited, forming a wide and complex excitation bands peaking at 520 nm and 260 nm.
It was also found that excitation of AIN:Mn at both 520 nm and 260 nm PLE bands
results in long lasting luminescence.

Analysis of experimental results and their comparison with those obtained in undoped
AIN materials allow conclusion that there are two defect-caused mechanisms
originating Mn luminescence. One of them is the so-called intra-center mechanism,
but other is recombination mechanism realizing at 520 and 260 nm excitations,
respectively.

The present research is sponsored from the Latvian Sciences Council Grant No Izp-
2019/1-0443.

56



Stenda referati, 12. februaris

ZnMgO plano kartinu temperatiiras atkariga fotoluminiscence

Ramiinas Nedzinskas®, Laima Trinklere?, Liuwen Chang®, Mitch Chou®
YFizikas un tehnologijas centrs, Vilna, Lietuva
’Latvijas Universitates Cietvielu fizikas institits, Riga, Latvija
*Valsts Sun Jat Sena Universitates Kristalu pétniecibas centrs, Kaosunga, Taivana

Misu konsorcija grupa no Taivanas ir atklajusi, ka epitaksialo plano kartinu
izgatavoSana ZnO un MgO sajaukumiem dazadas attiecibas dod iesp&ju iegiit ZnO-
MgO stabilu pseidobinaro sistému ar nepartraukti mainamu aizliegto zonu energijas
intervala no 3.37 Iidz 7.8 eV. Sadu vielu ZnMgO var izmantot UV detektoriem, kas ir
nejiitigi pret saules gaismu un vienlaicigi registré UV starojumu ar dazadu energiju.
Saja darba tiek pétitas virtcita un kubiska tipa ZnMgO plano kartinu optiskas ipasibas,
izmantojot fotoluminiscences (PL) mérfjumus plasa temperatiiras diapazona (3-
300 K). Noverotas PL joslas tiek izskaidrotas ar ladinu nes€ju dinamikas dazadiem
procesiem ZnMgO planajas kartinas. Pieméram, Saura josla augstako energiju rajona
rodas pateicoties starpzonu optiskajam parejam ZnMgO epitaksialja kartina, bet PL
joslas zemako energiju rajona ir saistitas ar defektu stavokliem materiala aizliegtaja
zona. Bez tam, izmantojot aktivacijas energijas aprékinus tiek apspriesti iesp&jamie
ladina nes€ju parvietosanas mehanismi.

Temperature-dependent photoluminescence of ZnMgO thin films

Ramiinas Nedzinskas', Laima Trinkler?, Liuwen Chang®, Mitch Chou®
'Center for Physical Sciences and Technology, Vilnius, Lithuania
%Institute of Solid-State Physics, University of Latvia, Riga, Latvia

3Center of Crystal Research, National Sun Yat-sen University, Kaohsiung, Taiwan

Based on recent novel findings (unpublished) of our consortium group from Taiwan,
alloying ZnO with MgO in varying amounts allows realization of stabilized ZnO-
MgO pseudobinary system with a smooth tuning of the bandgap between 3.37-7.8 eV,
previously not accessible. Therefore, ternary alloy ZnMgO have a great potential
application in solar-blind UV detection, significantly enhancing the ability of the
devices at different energies simultaneously.

In this work, optical properties of wurtzite-ZnMgO and rocksalt-ZnMgO thin films,
grown on lattice-matched substrates, are investigated using temperature-dependent (3-
300 K) photoluminescence (PL) spectroscopy.

The PL features observed are attributed to different processes of carrier dynamics in
the ZnMgO thin film structures studied. In particular, the sharp high-energy feature is
due to interband (band-to-band) optical transitions in ZnMgO epitaxial layer, while
low-energy PL bands are related to the presence of defect states within a bandgap of
ZnMgO. Additionally, possible transfer mechanisms of charge carrier are discussed in
regard to activation energies calculated.

The financial support of m-era.net project “ZnMgO materials with tunable band gap
for solar-blind UV sensors” (ZMOMUVY) is greatly acknowledged.
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Defektu agregatu veidoSanas ar atrajiem joniem apstarota MgO:
dislokaciju kustiguma un fotoluminescences petijumi

Rolands Grants , Ilze Manika, Aleksejs.Kuzmins, Janis Maniks
Institute of Solid State Physics, University of Latvia

P&tijuma izmantoti ar MeV-GeV energijas Au, Ni un Kr joniem fluenéu 10°-10"
joni/cm? apgabala apstaroti MgO monokristali, uzmanibu veltot defektu agregatu un
dislokaciju veidoSanai. Uz profila virsmam meritas dislokaciju kustiguma un
fotoluminescences (PL) izmainas jonu trajektorijas virziena. PL emisija 760 nm
apgabala 532 nm lazera ierosmei merita, izmantojot konfokalo lazera skangjoSo
spektromikroskopiju. Jonu iespieSanas dziluma, kas atbilst aprékinato elektronisko
energijas zudumu Brega maksimumam, gan fotoluminescences intensitate, gan
dislokaciju kustiguma izmainas fluencém > 10™ joni/cm? uzrada maksimumu (Fig.1).
Pie zemakam fluencém visa apstarotaja zona novérots tikai PL fona signals.
Eksperimentali novertéta elektronisko zudumu sliek$na veértiba pétitajiem joniem.
Rezultati apliecina elektronisko energijas zudumu mehanisma noteico$o lomu defektu
veidoSana. Diskutéts defektu agregatu ieguldijjums MgO mehanisko 1pasibu
modifikacija.

Formation of extended defects in MgO under irradiation with swift ions:

dislocation mobility and photoluminescence study

Rolands Grants , llze Manika, Alexei Kuzmin, Janis Maniks
Institute of Solid State Physics, University of Latvia

Single crystals of MgO have been irradiated with MeV-GeV energy heavy ions (Au,
Ni and Kr) at fluences 10°-10" ions/cm?. In this study, the attention is focused on ion-
induced formation of extended defects including
defect aggregates and dislocations. The results are
based on depth- profile measurements of
dislocation mobility and photoluminescence (PL)
emission at a wavelength around 760 nm (532 nm
laser excitation) using confocal laser scanning
spectromicroscopy.

At  fluences >10" ions/cm?, both  the
photoluminescence and dislocation impeding
display a peak at the depth which corresponds to
the Bragg maximum of calculated electronic energy
loss (Fig.1). The threshold values of electronic loss
for different ion species and ion energies have been
experimentally evaluated. At fluences below 10 "
ions/cm? in all irradiated zone only PL background
signal is observed. The results confirm that ion-
induced effects for given fluences bare ensur
mechanismof damage. The contribution of defect ag(
modification of mechanical properties is discussed.
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ZnO nanopulveru virsmas modifikacija: termiskas apstrades un piedevu ietekme

Faina Muktepavela®, Aleksejs Zolotarjovs®, Krigjanis Smits’, Elena Gorokhova?,
Karlis Kundzir;§l, Larisa Grigorjeva, Piotr Rodnyi3, Ivan Venevcev®, Artem Chizhov*
"Latvijas Universitates Cietvielu fizikas institiits
2Zinatniskas razosanas asociacija S.I.Vavilova Valsts optiskais institiits
3 Sanktpéterburgas Valsts Politehniska universitate
*Neorganiskas kimijas katedra, Maskavas Valsts universitate

Saja darba galvena uzmaniba veltita ZnO nanopulveru raksturosanai izejas stavokli.
Pétita pulveru spontanas agregatizacijas, termiskas apstrades un donoru piedevu
ietekme uz mikrostruktiiras veidoSanos ZnO scintil§josa keramika. Termodinamiskais
noverte§jums rada, ka ZnO nanograudu spontana apvienoSanas polikristala nav
izdevigs process graudu robezu (ygp) un virsmas energijas (ys)salidzinamo vertibu del
(Ygblys = 0.75). Tomer $ada nanopulveru mijiedarbibas iesp&ja paradas prizmatiskam
(1010) plakném, kuram ir viszemaka virsmas energija. Tas noved pie nanostienu
veidoSanas. Kars€Sana 300-900K apgabala noved pie nanostienu izméra un to kopg&ja
tilpuma palielinaSanas. Rezultati rada, ka $adi lielus nanostienus saturo$i aglomerati
apgriitina kompaktéSanu un uzrada zemu difuzijas aktivitati punktu defektu
likvidésanai sakepinaSanas procesa. Donoru piedevas (In, Ga) maina fasetétas ZnO
dalinu virsmu, uzlabojot keramikas scintilacijas un mehaniskas ipasibas

Surface modifications of ZnO nanopowders:effect of thermal treatment
and additives

Faina Muktepavela®, Aleksejs Zolotarjovs®, Krishjanis Smits', Elena Gorokhova?,
Karlis Kundzins', Larisa Grigorjeva, Piotr Rodnyi®, lvan Venevcev®, Artem Chizhov*
YInstitute of Solid State Physics, University of Latvia
“Scientific and Production Association S.I.Vavilov State Optical Institute
3St.Peterburg State Polytechnic University
*Departament of Inorganic Chemistry, Moscow State University

This work focuses on the characteristics of the initial ZnO nanopowders for ZnO
scintillated ceramics and explores the role of powder modifications by spontaneously
aggregation, heating or donor additives in the microstructure formation of ceramics.
Thermodynamic estimates shown that the aggregationof ZnO nanograins into a
polycrystals is not a favorable process due to the comparable energy of grain
boundaries to surface energy (ygn/ys=0.75). At the same time, prismatic planes {1010}
with a minimum of surface energy have the possibility of interaction of nanopowders
that leads to the formation of nanorods. The heating in the range 300-900K results in
an increase of the volumeof nanorods. Results show that such an agglomerate
structure with large nanorods hinders compacting and exhibits low diffusion activity
during sintering. Donor additives (In, Ga) change the surface of faceted ZnO particles
that contributes to an increase in scintillation and mechanical properties.

This work has been supported by the Project ERANET RUS_ST#2017-051(Latvia)
and #18-52-76002 (Russia)
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Jauna magnetronas izputinasanas iekarta plano kartinu izgatavoSanai:
iespejamie procesi, materiali un kontrole

Martins Zubkins, Juris Purans, Andris Azens
Latvijas Universitates Cietvielu fizikas institiits

Magnetronas izputinaSanas metode sniedz iesp&ju izgatavot kartinas uz dazadam
pamatném no plasa neorganisko materialu klasta un variét to struktiiru, morfologiju
un ipadibas plasa diapazona. Saja referata tiek prezentétas Plano Kartinu Laboratorijas
iekarta un tas iesp&jas, kas tika izgatavota sadarbiba ar SIA Sidrabe Vacuum.

Iekarta ir aprikota ar diviem magnetroniem un linearu pamatnu turétaja kustibu, kas
nodroS$ina vienmérigu (<2%) kartinu izgatavoSanu uz laukuma lidz 5x10cm. Viens no
magnetroniem ir piemeérots Skidra mérka izputinasanai. Pamatni ir iesp&ams uzsildit
11dz 800°C gradu temperatiirai izgatavosanas laika. Ir pieejama automatizéta kontroles
sistéma, izmantojot optisko plazmas emisiju vai elektriskos izlades parametrus, kas ir
butiska reaktivo procesu stabilizé€Sanai. Kartinu biezumu var kontrolét uzklaSanas
laika, izmantojot gaismas atstaroSanas spektru vai kvarca rezonatoru. Ar laika
iz8kirtsp€jas (< lus) spektrometru iesp&jams monitorét plazmas izlades dinamiku
pulsgjosos procesos (HiPIMS). Procesi ar idenradi ir pieejami.

Modernizéta iekarta sniegs iesp&ju izgatavot jaunus materialus, vienmeérigakas
kartinas stabilos procesos un veikt augstvertigakus petjjumus.

Advanced magnetron sputtering equipment for thin film deposition: possible
processes, materials and control

Martins Zubkins, Juris Purans, Andris Azens
Institute of Solid State Physics, University of Latvia

Magnetron sputtering is a suitable technique for the deposition of thin films on a
different type of substrates from a wide range of inorganic materials. The method
allows controlling the structure, morphology and properties of films over a wide range.
This report presents the capabilities of the equipment in the Thin Films Laboratory,
which was produced in collaboration with Sidrabe Vacuum Ltd.

The system is equipped with two magnetrons and linear substrate holder movement,
which ensures uniform (<2%) deposition of films up to 5x10cm in size. One of the
magnetrons is suitable for liquid target sputtering. The substrate can be heated up to
800°C. An automated control system, using optical plasma emission or electrical
discharge parameters, is essential to stabilize reactive processes. A light reflectance
spectrum or a quartz resonator can be used to control the film thickness during the
deposition. Plasma discharge dynamics in pulsed processes (HIPIMS) can be
monitored with a time-resolved (<lus) spectrometer. Hydrogen processes are
available.

The new equipment will allow the deposition of new materials, more homogeneous
films in stable processes and more extensive research.
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Oxidization process of Yttrium: Deposition of thin films by HiPIMS and
Reactive DC Magnetron Sputtering

Halil Arslan, Martin$ Zubkins, Andris Azens, Jelena Butikova, Juris Purans
Institute of Solid State Physics, University of Latvia

Yttrium oxide (Y203) thin films were studied previously for different applications,
but only recently [Kaminaga et al., 2016] yttrium monoxide (YO) thin films, narrow
optical bad gap = 0.5 eV and electrical conductivity close to mechanical state, with
rock salt structure and Y?* (4d1) valence, were produced by pulsed laser deposition
technique. In this research yttrium oxide thin films with different stoichiometry (YOy)
were obtained by HiPIMS and reactive DC magnetron sputtering in an Ar + O,
atmosphere (= 3 mTorr working pressure) onto different substrates. The O, partial
pressure is varied from 107 to 10° Torr. The oxygen inlet position is intentionally
kept away from the target to sputter in the so called metallic mode.

The electronic properties and atomic structures were studied by in-lab techniques such
as XRD, XPS (UPS), Ellipsometry, Raman and FT-IR Spectroscopies. The different
valance states of yttrium (Y°, Y?*, Y*") are observed corresponding to the different
phases of yttrium oxides (i.e. YO, Y,03). The oxidation mechanism of metallic Y film
is being investigated.

Aknowlegment: This research is being supported by the project ERAF

No: 1.1.1.1/18/A/073 and ISSP within the scope of young scientific supporting
project No :SJZ/2018/12.
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ZnyM@14O cietie Skidumi UV sensoriem: DFT simulé$ana un spektrala
raksturosana

Olegs Lisovskis, Sergejs Piskunovs, Laima Trinklere, Guna Krieke
Latvijas Universitates Cietvielu fizikas institiits

Pusvaditaji ar platu aizliegto zonu ir jutigi pret UV gaismu, un tap&c var tikt izmantoti
ka biologiskie un kimiskie sensori ozona detektéSanai, tidens tiriSanai, piesarnojuma
Iimena noteiks$anai jebkurai biologiskai vielai. Miisu pétijuma mérkis ir izveidot UV
gaismas sensoru uz Zn;x«MgyO cieta §kiduma pamata. Pseidobinarai sistémai ZnO-
MgO ir mainama aizliegta zona ar platumu no 3.3 eV lidz 7.8 eV, atkariba no divu
vielu savstarpgjas attiecibas, tas biitiski pastiprina UV sensoru sp&ju detektet signalus
ar dazadam energijam vienlaicigi. M&s prezent€jam rezultatus, kas tika iegiiti ar
hibridas blivuma funkcionala teorijas (hybrid Density Functional Theory, DFT)
aprékinu palidzibu. Tika pétita kubiskas konfiguracijas Mgi.xZnxO un heksagonalas
konfiguracijas Zn;xMgyxO cieto Skidumu atomara un elektroniska struktiira, nemot
vera ZnO/MgO attiecibu un defektu klatbuitni. Papildus, més veicam prognozi par abu
fazu, heksagonalas un kubiskas, stabilitati. Noméritie luminiscences spektri arl ir
apspriesti $aja prezentacija.

Autori izsaka pateicibu M-ERA.NET projektam ZMOMUYVS par finansu atbalstu.

ZnyMg;xO solid solutions for solar-blind UV sensors: DFT simulations and
spectral characterization

Oleg Lisovski, Sergei Piskunov, Laima Trinklere, Guna Krieke
Institute of Solid State Physics, University of Latvia

Wide-bandgap semiconductors are sensitive to UV light, and can be used as
biological and chemical sensors for ozone detection, detectors for water
purification, determination of pollution levels in any biological agent. The task of our
study is to elaborate a solar-blind UV light sensor based on ZnMgi1.xO material. A
pseudobinary system ZnO-MgO has a tunable bandgap from 3.3 eV to 7.8 eV,
depending on mutual ratio of the components, this significantly enhances the ability
of the sensor to detect signals at different energies simultaneously. Here we present
results obtained by means of hybrid Density Functional Theory (DFT) calculations on
atomic and electronic structure of cubic Mg;«ZnxO and hexagonal Zn;xMg,O solid
solutions, taking into account the ZnO/MgO ratio and the presence of defects. In
addition, we make predictions on stability of both hexagonal and cubic phases. The
measured luminescence spectra are also discussed in this presentation.

The financial support of M-ERA.NET project ZMOMUVS is greatly acknowledged.
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Slanaino MoS; un WS; materialu aprekini izmantojot molekularo dinamiku
no pirmajiem principiem

Dmitrijs Bo¢arovs', Inga Jonane', Aleksejs Kuzmins® , and Matthias Krack?
"Latvijas Universitates Cietvielu fizikas institiits
2Paula Serera Institiits, Sveice

Divdimensiju (2D) slanu materialos ietilpst parejas metalu dihalkogenidi. So materialu
struktiira ir 1idziga grafita struktirai, un to raksturo spécigas kimiskas saites plakng un
vaja saikne starp slaniem. Miisu ieprieksgjie dazadu materialu (pieme&ram, CusN, ZnO,
UO, un ScF;) MD-EXAFS pétijumi liecina, ka molekularas dinamikas aprékinu
izmantoSana sniedz ticamu un detaliz&tu informaciju par termisko nesakartotibu attaluma
lidz 6-7 A no absorb&josa atoma. ST pétijuma ietvaros més izmantojam $adu metodologiju
ieprickSminétajiem slanveida materialiem, veicot MoS, un WS, savienojumu ab initio
molekularas dinamikas (AIMD) aprékinus temperatiiras diapazona no 300 K Iidz 1200 K,
lai noskaidrotu termiskas nesakartotibas un strukturalas anizotropijas detalas slanveida
struktiiru rezga dinamika. Vidgjo kvadratisko relativo nobizu (MSRD) analize paradija,
ka abiem savienojumiem ir sp&ciga atomu vibraciju anizotropija (starpslanu MSRD
atSkiras no MSRD viena slant). Turklat m&s apstipringjam iegiitos AIMD rezultatus,
veicot tieSo salidzinajumu ar W Lgz-malas un Mo K-malas absorbcijas spektriem,
izmantojot MD-EXAFS pieeju, kas izstradata [1] un balstita uz EXAFS datu analizi,
izmantojot molekularas dinamikas aprékinus.

Darbs tika izstradats pateicoties projekta Nr. 1.1.1.2/VIAA/1/16/147 (1.1.1.2/16/1/001)
“P&cdoktorantiiras p&tniecibas atbalsts” sniegtajam finansialajam atbalstam

First-principles molecular dynamics simulations of layered
MoS; and WS, materials

Dmitry Bocharov’, Inga Jonane®, Alexei Kuzmin® and Matthias Krack?
YInstitute of Solid State Physics, University of Latvia
%Paul Scherrer Institute, Switzerland

Two-dimensional (2D) layered materials include transition metal dichalcogenides. The
structure of these materials is similar to that of graphite and characterized by strong in-
plane chemical bonds and weak coupling between layers. Our previous MD-EXAFS
studies of different materials such as CusN, ZnO, UO, and ScF; suggest that the use of
molecular dynamics simulations provides reliable and detailed information on the thermal
disorder as far as up to 6-7 A from the absorbing atom. In the framework of this study, we
apply this methodology to the above-mentioned layered materials performing ab initio
molecular dynamics (AIMD) simulations of MoS, and WS, compounds in the
temperature range from 300 K to 1200 K in order to elucidate the details of thermal
disorder and structural anisotropy on the lattice dynamics of layered structures. Analysis
of Mean-Square Relative Displacement (MSRD) shown the strong anisotropy in atomic
vibrations (interlayer MSRD differ from intralayer MSRD) for both compounds. In
addition, we validated the obtained AIMD results by a direct comparison with the W L;-
edge and Mo K-edge absorption spectra using the MD-EXAFS approach developed in [1]
and based on the analysis of EXAFS data using molecular dynamics simulations.
Financial support provided by project No. 1.1.1.2/VIAA/I/16/147 (1.1.1.2/16/1/001) under
the activity “Post-doctoral research aid” realized at the Institute of Solid State Physics,
University of Latvia is greatly acknowledged.

[1] A. Kuzmin and R. A. Evarestov, Quantum mechanics-molecular dynamics approach to the
interpretation of X-ray absorption spectra, J. Phys.: Condens. Matter 21 (2009) 055401.

63



Stenda referati, 12. februaris

Negativas termiskas izpleSanas efekta modeleéSana skandija fluorida izmantojot
molekularo dinamiku no pirmajiem principiem

Dmitrijs Boéarovs', Matthias Krack?, Jurijs Rafalskis', Aleksejs Kuzmins', Juris Purans®
'Latvijas Universitates Cietvielu fizikas institiits
Paula Serera Institiits

Skandija fluorids (ScF3) pieder pie materialiem, kuriem piemit negativas termiskas
izpleSanas (NTE) efekts. Tas parada spécigu rezga sarausanos lidz aptuveni 1000 K,
parejot uz izplesanos augstaka temperatira. Seit NTE efekts ScFj tiek pétits temperatiiras
diapazona no 300 K Iidz 1600 K, izmantojot ab initio molekularas dinamikas (AIMD)
apréekinus izotermiski-izobara (NpT) ansambli. Rezga konstantes, starpatomu Sc — F — Sc
saites lenka sadalfjuma un Sc — F un Sc — Sc radiala sadalijuma funkciju atkariba no
temperatiiras tiek iegiita ka superSiinas izméra no 2a x 2a x 2a lidz 5a x 5a x 5a funkcija,
kur a ir ScF; rezga parametrs. Lai apstiprinatu AIMD simulaciju precizitati, tika
izmantots salidzinajums ar eksperimentalajiem Sc K-malas EXAFS datiem pie 600 K.
Miisu rezultati liecina, ka AIMD apréekini spgj kvalitativi reproducét NTE efektu ScFs,
tomer, lai precizi uzskaititu dinamisko nesakartotibu, jaizmanto superSiinas izmérs, kas
lielaks par 2a x 2a x 2a. NTE izcelsme ScF; ir izskaidrojama ar mijiedarbibu starp ScFg
oktaedra izpleSanos un rotaciju.

Darbs tika izstradats pateicoties projekta Nr. 1.1.1.2/VIAA/1/16/147 (1.1.1.2/16/1/001)
“Pecdoktorantiiras petniecibas atbalsts” sniegtajam finansialajam atbalstam.

Ab initio molecular dynamics simulations of negative thermal expansion effect
in scandium fluoride

Dmitry Bocharov', Matthias Krack?, Yuri Rafalskij', Alexei Kuzmin® and Juris Purans*
YInstitute of Solid State Physics, University of Latvia
*Paul Scherrer Institute

Scandium fluoride (ScF3) belongs to a class of negative thermal expansion (NTE)
materials. It shows a strong lattice contraction up to about 1000 K switching to expansion
at higher temperatures. Here the NTE effect in ScF; is studied in the temperature range
from 300 K to 1600 K using ab initio molecular dynamics (AIMD) simulations in the
isothermal-isobaric (NpT) ensemble. The temperature dependence of the lattice constant,
inter-atomic Sc—F-Sc bond angle distributions and the Sc—F and Sc—Sc radial distribution
functions is obtained as a function of supercell size from 2a x 2a x 2a lidz 5a x 5a x 5a
where a is the lattice parameter of ScFs. A comparison with the experimental Sc K-edge
EXAFS data at 600 K is used to validate the accuracy of the AIMD simulations. Our
results suggest that the AIMD calculations are able to reproduce qualitatively the NTE
effect in ScFz, however a supercell size larger than 2a x 2a x 2a should be used to
account accurately for dynamic disorder. The origin of the NTE in ScF3 is explained by
the interplay between expansion and rotation of ScFg octahedra.

Financial support provided by project No. 1.1.1.2/VIAA/I/16/147 (1.1.1.2/16/1/001) under
the activity “Post-doctoral research aid” is greatly acknowledged.

[1]. B. K. Greve, K. L. Martin, P. L. Lee, P. J. Chupas, K. W. Chapman, A. P. Wilkinson, Pronounced
negative thermal expansion from a simple structure: cubic ScFs, J. Am. Chem. Soc. 132 (2010) 15496.
[2]. D. Bocharov, M. Krack, J. Rafalskij, A. Kuzmin, J. Purans, Ab initio molecular dynamics
simulations of negative thermal expansion in ScF;: the effect of the supercell size, Comp. Mater. Sci.
171 (2020) 109198.
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Co jona magnétiska stavokla un lokalas apkarnes raksturo$ana BaCoOj3
perovskita ar skabekla vakancem

Davis Zavickis, Guntars Zvejnieks, Deniss Grjaznovs, Jevgenijs Kotomins
Cietvielu fizikas institits, Latvijas Universitate

Protonus vadosas keramiskas degvielas Stnas (PCFC) piedava alternativu cietvielu
degvielas Stinam, kas balstas uz oksidu vaditsp&ju. Pret€ji elektrolitu materialiem,
optimalos katodu materialus vél nepiecieSams identificét, mekl&jot cieto Skidumu
sastavu ar pietickami augstu elektronu un protonu vaditsp&ju, ka ari izprast jonu
vaditsp&ju ietekméjoSos faktorus. Nesenos eksperimentalos pétijumos ka PCFC
katoda materials optimizéts (Ba,Sr,La)(Fe,Co0,Zn,Y)03.s perovskits.

Saja darba, izmantojot blivuma funkcionala (DFT) skaitliskos aprékinus supersiina,
tika analiz@tas barija kobalta oksida (BCO) ar skabekla vakancém (V,) strukturalas un
elektroniskas ipasibas, ka arT vakancu veido$anas energijas atkariba no V, pozicijas.
legtitie rezultati salidzinati ar aprekiniem ideala BCO bez vakanc€m un ieviests
lokalas apkartnes stavokla raksturojums, kas pe&c ta lautu spriest par kobalta
magnétiskajiem stavokliem. Aprékini tika veikti divam dazadam BCO telpiskas
simetrijas grupam, lai parliecinatos par modela pareizibu.

Sis darbs Tstenots ar zinatniska granta LZP-2018/1-0147 finansialo atbalstu.

Characterization of Co ion magnetic state and local distortions in oxygen
vacancy enriched BaCoOj; perovskite

Davis Zavickis, Guntars Zvejnieks, Denis Gryaznov, Eugene Kotomin
Institute of Solid State Physics, University of Latvia

Protonic ceramic fuel cells (PCFCs) represent an important alternative to oxide
conducting solid oxide fuel cells demonstrating higher ionic conductivity. In contrast
to an electrolyte material, the optimal cathode material still has to be found, by
identifying solid solution compositions with sufficiently high electronic and protonic
conductivity. Recent experimental investigations in the literature optimized
(Ba,Sr,La)(Fe,Co,Zn,Y)03.s perovskites as the cathode material for PCFC.

In this work we used density functional (DFT) calculations in supercell to analyze
oxygen vacancy enriched barium cobalt oxide (BCO) structural and electronic
properties as well as oxygen vacancy formation energy depending of V, site.
Obtained results are further compared to calculations with vacancy free BCO where
we implement careful characterization of local distortions which allows to evaluate
magnetic state of cobalt ion. Two separate BCO space groups are considered in
calculations to ascertain the model correctness.

The financial support of LZP-2018/1-0147 grant is greatly acknowledged.

65



Stenda referati, 12. februaris

NBT-CaTiOj; cieto Skidumu elektromehaniskas ipasSibas.

Miks Jurjans, Maris Kundzins, Eriks Birks
Latvijas Universitates Cietvielu fizikas institiits

Savienojumi uz NBT bazes tiek intensivi pétiti sakara ar nepiecieSamibu aizvietot
svinu saturoSus segnetoelektrikus ieric€s, kuras tiek izmantots pjezoelektriskais efekts.
Darba meérkis ir uzlabot elektromehanisko 1pasSibu merijjumus, izmantojot lazera
interferometru, ka ar veikt elektromehanisko Tpasibu p&tijumus (1-x)NBT-xCaTiOs
cietajos Skidumos. Ieprieks tika konstatéts, ka savienojumos uz NBT bazes paraugu
deformacija (u) elektriska lauka (E) izmainas rezultata ir neviendabiga, kas noved pie
izteikti nesimetriskam u(E) cilpam bipolaras lauka izmainas gadijuma. Lai iegltu
korektas deformacijas vertibas lauka virziena, paraugi tika izgatavoti disku forma un
novietoti uz izliektas pamatnes.

Ar uzlaboto metodiku tika ieghtas simetriskas u(E) atkaribas. Ta ka CaTiOj3
pievienoSana NBT samazina fazu parejas temperatiiru uz nepolaro stavokli, sastavam
x=0.05 izdevas iegit u(E) atkaribas fazu parejas rajona. Deformacijas 1&ciens pie
noteiktas lauka veértibas atbilst ar lauku inducétai 1.veida fazu parejai.

Electromechanical properties in NBT- CaTiOj; solid solutions.

Miks Jurjans, Maris Kundzins, Eriks Birks
Institute of Solid State Physics, University of Latvia

NBT-based compositions are widely studied due to environmental requirements to
replace the lead containing ferroelectrics in large variety of devices, where
piezoelectric effect is applied. The aim of the present work is to improve the
measurements of the electromechanical properties, using laser interferometer, as well
as study the electromechanical properties in (1-x)NBT-xCaTiO3; solid solutions.
Earlier it was found that electric field (E) induced deformation (u) in the NBT-based
compositions is nonhomogeneous, what leads to extremely non-symmetrical u(E)
dependences in the bipolar field pulses. The disk shaped samples and bended
substrate was used to avoid this problem.

The symmetrical u(E) dependence was obtained by improved method. Since addition
of CaTiOs in NBT reduce temperature of the phase transition to nonpolar state, in
composition x=0.05 dependence of u(E) in the region of phase transition was obtained.
The jump of deformation at certain E value corresponds to the field induced 1% order
phase transition.
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Termiskas apstrades loma uz NBT bazétu keramiku virsmas morfologiju.

Liga Bik3e, Karlis Kundzins, Eriks Birks
Latvijas Universitates Cietvielu fizikas institiits

Petot mikrostrukttiras sastaviem uz NBT bazes, produktivs apstrades veids ir termiska
kodinasana. Tas pamata ir atSkirigais graudu un graudu robezu sublimacijas atrums.
Tomeér publicétie raksti par sastavu uz NBT-bazes izpéti atklaj sarezgitakus procesus
augstas temperatiiras apstradé. Procesa iegiitas dazadu veidu mikrostruktiiras var
iedalit tris grupas. Pirma grupa ietilpst “plakanas” parauga virsmas, kur starp
graudiem noverojamas graudu robezas ka Sauras Iinijas (Fig.1a). Otras grupas paraugu
virsmu raksturo izteikts reljefs, kur graudu virsma vairs nav viena plakné (Fig.1Db).
Tresa grupa ietilpst mikrostruktiiras, kuras graudi paradas ka regulari kubi ar
izteiktam skaldném un $kautném. (Fig.lc). ST pétfjuma mérkis ir noteikt termiskas
apstrades parametru ietekmi uz mikrostruktiras veidoSanos, kam raksturigi kubveida
graudi. legiitie rezultati satur ari ieteikumus optimaliem termiskas apstrades
parametriem, lai iegiitu kvalitativas mikrostrukiiras attelus sastaviem uz NBT bazes.

Role of thermal treatment on surface morphology of NBT-based ceramics.

Liga Bikshe, Karlis Kundzins, Eriks Birks
Institute of Solid State Physics, University of Latvia

Thermal etching is fruitful tool in study of microstructure of NBT-based compositions.
It is based on fact, that evaporation rate from surface is different, comparing grains
and grain boundaries. Still the published articles, devoted to study of NBT based
compositions, reveal more complex process of this high temperature treatment.
Various kinds of microstructures can be divided into three groups. One group
represent “plain” patterns where grain boundaries appear as tiny lines separating
grains (Fig.1a). In second group, pattern is characterised by well expressed relief,
where grains are not more plain objects (Fig.1b). Third group represent microstructure,
where grains appear as regular cubes with very well expressed faces and edges
(Fig.1c). Aim of this study is to determine role of heat treatment parameters on
appearance of microstructure, characterised by cubic grains. Obtained results also
contain recommendations for optimal heat treatment parameters to obtain qualitative
grain patterns of NBT-based compositions.

» r“,
=

Figure 1 Three types of grain patterns obtained by thermal etching: “plain” (a), with
relief (b) and cubes (c).
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Fotoluminiscence ar eiropiju aktivéta NagsBips 103 keramika.

Ojars Martin3 Eberling, Guna Krieke, Eriks Birks
Latvijas Universitates Cietvielu fizikas institiits

NagsBigsTiO3 (NBT) struktiira ir zinatnieku uzmanibas centra jau ilgu laiku. Tam par
iemeslu ir neparliecinos$as un pat pretrunigas eksperimentalo rezultatu interpretacijas,
kas ir saistitas ar neregularu aliovalento Na* un Bi** jonu sadalfjumu ABOj; perovskita
struktiiras A-apaksrezgi. Saja pétniecibas joma viens no galvenajiem izaicinjumiem
ir NBT lokalas apkartnes raksturo$ana.

Darba tika pétita ar Eu®" aktivéta NBT fotoluminiscence. Tika noteikti luminiscences
spektri parejam no °Dg uz 'F, (n=0-4) limeniem, ierosinot °Dy un °D; limenus.
Luminiscences maksimumi tika aproksimé&ti ar Gausa funkcijas palidzibu. Tika
konstatéta nepartraukta luminiscences maksimumu vilna garumu nobide atkariba no
ierosmes vilpa garuma, kas lauj izdarit secinagjumu par plasam lokalas apkartnes
koeficienta izmainas atkariba no lokalas apkartnes. Luminiscences mérijjumi atkariba
no temperatiiras (20-300°C) lava noteikt polarizéta stavokla ietekmi uz luminiscences
efektivitati.

Photoluminescence of europium doped NagsBigsTiO3 cetramics.

Ojars Martins Eberlins, Guna Krieke, Eriks Birks
Institute of Solid State Physics, University of Latvia

The structure of NagsBigsTiO3 (NBT) has been a focus of the scientific community
for a long time. This is due to unconvincing and even controversial interpretations of
exgerimental results, which are related to irregular distributions of aliovalent Na* and
Bi®" ions in A-sublattice of the ABOs perovskite structure. The characterization of
local environment in NBT is one of the main challenges associated with this research
area.

In this work photoluminescence of Eu** activated NBT was studied. Luminescence
spectra of transitions from °Dy to lower 'F energy levels after excitation of °Dy and
°D; energy levels were measured. Luminescence maxima were fitted with Gaussian
peaks. Continuous shift of luminescence wavelength maxima in respect to excitation
wavelength was found, which led to conclusions about a wide range of local
environments related to different Na/Bi configurations. The variation of the crystal
field coefficient in dependence on local environment was determined. Temperature
dependent luminescence measurements (20-300°C) a allowed to determine the role of
poled state on the luminescence efficiency.
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Fazes atgiiSanas algoritmu salidzinajums optisko sistému kroplojumu
raksturoSanai

Sergejs Fomins, Kriss Pujats, Davis Zageris, Varis Karitans
Latvijas Universitates Cietvielu fizikas institiits

Fazes atgiiSana ir svariga vairakos zinatnes virzienos. Vesturiski eksisté vairaki fazes
atgiiSanas algoritmi, kuriem ir dazada veiktsp&ja un darbibas atrumi. Miisu
iepriek3ejos darbos tika izmantots Candes et al. (2011) piedavaatais algoritms. Soreiz
tieck apskatam PhasePack atgiiSanas pieeju un proti divus empiriski visatrak fazi
atgustosas metodes. Ir izvirziti nosacijumi algoritmu spejai darboties gadijumos a) ar
ierobezoto novérojumu skaitu, b) pie zemas signals/troksnis attiecibas, c) pie
punktveida monohromatiskiem avotiem.

Referata otra dala ir veltita praktiskam metodes pielietojumam un salidzinaSanai ar
Saka-Hartmana sensora darbibu lidzigos apstaklos. Sakotngjie rezultati apliecina
salidzinamu abu metozu darbibu.

Comparison of phase recovery algorithms for characterization of optical system
abberations

Sergejs Fomins, Kri$s Pujats, Davis Zageris, Varis Karitans
Institute of Solid State Physics, University of Latvia

Phase recovery is important in several scientific fields. Historically, there is a number
of phase-recovery algorithms with varying performance and operating speeds. In our
study Candes et al. (2011) proposed algorithm was implmented. We have extended
our study to PhasePack recovery approach, namely the two empirically fastest phase
recovery methods. Conditions are set for the performance of algorithms in cases (a) of
limited number of observations, (b) low signal-to-noise ratios, (c) and point
monochromatic sources. The second part of the paper is devoted to the practical
application of the method and comparison with the performance of a Shack-Hartmann
sensor under similar conditions. Initial results confirm similar operation of both
methods.

The financial support of LIAA commercialization program under the project KC-PI-
2017/105 “New generation wavefront sensors based on the method of coded
diffraction patterns” is greatly acknowledged.

Author Varis Karitans is supported by postdoctoral project No. 1.1.1.2/16/1/001.

,,Reducing/cancelling the effects of vitreous floaters using a phase retrieval method
based on coded diffraction patterns”.
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Izveidota dinamiska LED avota salidzinajums ar komercialo RGB vadamo avotu

Sergejs Fomins, Davis Zageris, Maris Ozolins, Renars Truksa
Latvijas Universitates Cietvielu fizikas institiits

Gaismai ir noteicoSa loma misu dzivé. Tai ir modinoSa, fiziologiskos procesus
regul§josa, kognitivo ierosindjumu stimul§josa iedarbiba. Pedgja desmitgade ir
aktualiz&jusies gaismas diozu tehnologijas zila spektra nelabveligas iedarbibas sekas
uz cirkadiana ritma darbibu un acs fiziologiju. No otrs puses, pateicoties LED
iesp€jam ir paradijuSies komerciali pieejamie dinamiskie gaismas avoti. Tiem ir
parsvara noskanojumu veicinoss pielietojums, bet miisuprat, pieeja varétu lauj daudz
efektivak izmantot gaismu fiziologiskam vajadzibam. Redzes uztveres laboratorijas
jau vairakus gadus veido dazada spektrala sastava dinamiskos gaismas avotus. Dotaja
petijuma tiks apskatiti jauna avota ar nobiditu zilu spektru kolorimetriskie un krasu
rendéSanas parametri, salidzinadjuma ar pieejamajiem RGBW avotiem. Indeksu
noteikSanai esam izmantojusi 12 keramiskus krasu paraugus, Kkuri atbilst
standartiz&tajiem. Psihofizikala p&tijuma piedalijas 10 cilveki, kas pielagoja baltas
gaismas avotus ar dazadu krasu temperatiiru ar diviem piedavatajiem gaismas avotiem.
Rezultati liecina ka ciana krasa 490 nm diodes pielietoSana lauj pa divreiz samazinat
zilas diodes iesaisti baltas gaismas saskanosana, kas atstaj labvéligo iespaidu un
cikadiano sistému un acs fiziologiju.

Comparison of dynamic LED source with commercial RGBW controlled source

Sergejs Fomins, Davis Zageris, Maris Ozolins, Renars Truksa
Institute of Solid State Physics, University of Latvia

Light plays a significant role in everyday life. It has a stimulating effect that regulates
physiological processes and has a stimulating cognitive effect. In the last decade, the
adverse effects of the blue-spectrum LED technology was spotlighted on circadian
rhythm activity and eye physiolog. On the other hand, based on LED capabilities
commercially available dynamic light sources have emerged. Those have
predominantly mood related application, but in our opinion, the approach could allow
for a more efficient use of light for physiological purposes. For several years now,
Vision perception laboratory of ISSP have been developing dynamic light sources of
different spectral composition. This study will look at the colorimetric and color
rendering parameters of a new lights source with offset blue spectrum compared to
the available RGBW source. We have used 12 ceramic color samples that are
standardized to determine the rendering indexes. A psychophysical study involved 10
colour normal participants in the task of adjustment of white light sources of different
color temperatures with the two light sources offered. The results show that the use of
a cyan 490 nm diode allows to halve the blue diode's involvement in white matching,
which leaves a positive effect on the circadian system and physiology of the eye.
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Stiklveida kermena apdulkojumu struktiiras noteikSana, izmantojot difraktivo
attelu analizi

Varis Karitans™?, Adele Antogukaz, Andrejs Tokmakovs®
Latvijas Universitates Cietvielu fizikas institiits
2Latvijas Universitates Fizikas un Matematikas, un Optometrijas fakultate

Stiklveida kermena apdulkojumu ir entoptiska paradiba, kas izpauzas ka kustigas
difrakcijas ainas redzes lauka. Pe@d€jos gados daudzi pétijumi veltiti So apdulkojumu
struktiiras noteikSanai. Saja pétijuma analizétas iespgjas apdulkojumu struktiiru
novertet, izmantojot kodeto difrakcijas struktiiru metodi.

Izmantojot optisko litografiju, stikla virsma vispirms tika strukturéta. Talak,
izmantojot buferiz€tu fluoridenrazskabi, stikla virsma tika izkodinatas sikas
mikrostruktiiras. P&c mikrostruktiiru izveides gan izkodinata virsma, gan otra stiklina
virsma tika aktivéta skabekla plazma (5 W; 500 kHz), un abas virsmas tika savienotas,
izmantojot PDMS slani.

Mikrostrukturu dzilums tika novertéts gan ar bezkontakta profilometriju, gan kodeto
difrakcijas struktiru metodi. KodinaSanas atrums bija aptuveni 80 nm/min.
Simulacijas liecina, ka, izmantojot kodeto difrakcijas struktiiru metodi, Cetras binaras
maskas ir pietickamas, lai biitu iesp&jams $adu mikrostruktiiru virsmas profilu noteikt.
legiiti arT sakotngjie dati, izmantojot optiska sisteéma iegttas difrakcijas ainas.

Determining the structure of vitreous floaters using diffractive imaging

Varis Karitans™?, Adele Antonuka?, Andrejs Tokmakovs®
!Institute of Solid State Physics, University of Latvia
?LFaculty of Physics and Mathematics, and Optometry, University of Latvia

Vitreous floaters are an entoptic phenomenon manifesting themselves as diffraction
patterns floating in the field of view. In recent years, many studies address the issue
how to recover the structure of the elements causing vitreous floaters. In this study,
possibilities to determine the structure of these elements with the method of coded
diffraction patterns have been analyzed.

First, the surface of the glass was patterned using optical lithography. Next, tiny
microstructures were etched in the surface of the glass using a buffered oxide etch.
[zmantojot optisko litografiju, stikla virsma vispirms tika strukturéta. After the
microstructures had been etched both the etched surface and the surface of another
glass were activated in oxygen plasma (5 W; 500 kHz) and both surfaces were joined
using a PDMS layer.

The depth of the microstructures was assessed both with non-contact profilometry and
the method of coded diffraction patterns. The etching speed was about 80 nm/min.
Simulations indicate that the method of coded diffraction patterns is capable of
recovering the surface profile of the microstructures using four binary masks.
Preliminary data has also been obtained using diffraction patterns acquired in an
optical system.

The financial support of the postdoctoral project (1.1.1.2/16/1/001;
1.1.1.2/VIAA/1/16/199) is greatly acknowledged.
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Ar slapekli legéta nanostrukturéta poraina oglekla anodmateriala pétijumi litija
jonu baterijam

Kaspars Kaprans', Aleksandrs Volperts®, Gunars Bajérsl, Gints Kuginskis®, Galina Dobele?,
Janis Kleperis*
YCietvielu fizikas institiits. Latvija universitate
2LV Koksnes Kimijas institiits

Litija jonu baterijas (LJB) tiek plasi pielietotas ka vairakkart uzladéjami energijas
avoti gan elektroautomobilos, gan stacionarai energijas uzglabasanai. Dazadu oglekla
alotropo formu nanomateriali tiek plasi pétiti LIB elektrodmaterialu pielietojumos.
Oglekla legesana ar slapekli ir efektiva metode, lai uzlabotu oglekla fizikalas un
kKimiska ipasibas, ar mérki sasniegt augstakus energijas uzglabasanas ietilpibas un
ciklgjamibas raditajus. Darba tika izmantota &rta un atkartojama metode, lai sintez&tu
nanostrukturétu, N-dopé&tu, porainu oglekla anoda materialu. Elektronus vadosais
poraina oglekla tikls saglaba stabilu kristalisku strukturu litizacijas-delitizacija
procesa, savukart poraina struktira saskaroties ar elektrolitu, nodroSina augstu
saskares virsmas laukumu, kas atvieglo jonu difliziju baterijas darbibas laika.

legitie rezultati uzrada atgriezenisko gravimetrisko ladinietilpibu 247 m Ah g* pie
stravas blivuma 0.3 mAg *, kas tika rekinats nemot véra elektrodamateriala kop&jo
masu, kas dod iesp&ju novertet ta iespgjamo pielietojumu litija jonu baterijas.

Nanostructured porous hybrid network of nitrogen-doped carbon as an anode
for Li-ion batteries

Kaspars Kaprans®, Aleksandrs Volperts?, Gunars Bajars®, Gints Kucinskis', Galina Dobele?,
Janis Kleperis'
'Institute of Solid State Physics, University of Latvia,
?Latvian State Institute of Wood Chemistry

Lithium-ion batteries (LIBs) open up huge potential markets for rechargeable batteries
in powering vehicles and storing electric power for the grid. Carbon nanomaterials
have been widely explored for use as electrode materials for the fabrication of LIB.
Nitrogen doping represents a general and effective method in further improving the
physical and chemical properties of carbon nanomaterials to enhance the energy
storage capabilities and cyclability of the resulting batteries. We report a facile and
scalable process to prepare nanostructured N-doped porous carbon network as a
promising anode material for (LIBs). The so-formed electrically conducting porous
network containing carbon structures maintain stable crystal structure during
lithiation-delithiation process and porous architecture provides a fast electrolyte
penetration/diffusion. Therefore, the designed material presents a reversible capacity
of 247 m Ah g at the current density of 0.3 mAg * based on the total mass loading of
the composite, suggesting a potential for application as an anode material for lithium-
ion batteries.

The financial support of project LZP-2018/1-0194 CARMA is greatly acknowledged.
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Udenraza izmantoS$ana gazes degvielas SEG emisiju samazina$anai transporta
sektora

Ansis Mezulis®, Janis Kleperisl, Laila Zemite®
'Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskds universitates Energétikas institiits

Siltumnicefekta gazu (SEG) emisiju samazinaSana ir globala probléma, kuras
risinasana ir iesaistijusies ar1 Latvija. Rezum&jot LV Ministru kabineta rikojumu “Par
Alternativo degvielu attistibas planu”, gazes degvielas sektors ir atvérts jauniem
risinajumiem, kas samazina SEG emisijas. Aktualaka $1 probléma ir Riga, kur dzivo
33% no visiem Latvijas iedzivotajiem, un ir dzelzcela mezgli un osta.

Konkréta darba mérkis ir SEG emisiju samazinasana transporta sektora, aprobgjot ar
tidenradi bagatinatas saspiestas dabasgazes (HCNG) degvielas lietoSanu Latvija. Ta
realizacijai nepiecieSams izpétit iesp&jas saspiest HCNG lidz CNG uzpildes balonu
standarta spiedienam 200-250 bar un to transportét pa caurulu vai virtualo gazes vadu.
HCNG degvielas efektivitate slépjas CO, emisijas samazinajuma attieciba pret CNG
vidgji 10-15% apmera. Lietojot HCNG ka transporta degvielu, papildus jaatzimé
degvielas ekonomija, dzingjiem darbojoties zemas slodzes liesa degmaisijuma rezZima.
HCNG degvielas potencialais lietoSanas sektors Latvija ir: a) ar dizeldzingjiem
darbinamie ieksgjo tidenu kugi un lokomotives, kuras ir veikusas pareju (vai apsver to
veikt) uz dualo degvielu dizelis-dabasgaze; b) autobusi un smagas automasinas, kuras
darbojas ar CNG, un kuram izpliides kolektors pielauj lielaku sadegSanas siltumu 5-10%
robeZzas.

Hydrogen application in gas fuel for GHG emission reduction in transport sector

Ansis Mezulis', Janis Kleperis®, Laila Zemite?
YInstitute of Solid State Physics, University of Latvia
“Institute of Power Engineering, Riga Technical University

Reducing the greenhouse gas (GHG) emissions is foremost a global problem in which
Latvia has been involved. Summarizing the directive of the Cabinet of Ministers “On
Alternative Fuels Development Plan™, the gas fuel sector is open to new solutions to
reduce GHG emissions. This problem is particularly acute in the capital Riga, where
33% of the total population of Latvia lives, works even more, and in Riga there are
railway hubs and a port.

The present work aims to reduce GHG emissions in the transport sector by means of
approbating hydrogen enriched natural gas (HCNG) as a fuel in Latvia. This requires
exploring the feasibility of compressing HCNG to the standard pressure of CNG
cylinders of 200-250 bar and transporting it by the pipeline or a virtual gas pipeline.
The main advantage of HCNG is reduced CO, emission by average of 10-15% in
comparison to CNG. Additionally, the usage of HCNG in vehicles increase fuel
economy while working under low load and leaner burning.

The potential use in transport sector of HCNG fuel in Latvia is pointed to: a) inland
diesel waterway vessels and locomotives that have transitioned or are considering
switching to dual fuel diesel-natural gas; b) CNG buses and lorries with an exhaust
manifold allowing for a higher combustion heat within 5-10%.

This research is funded by the Ministry of Economics of the Republic of Latvia,
project LAGAS, project No VPP-EM-INFRA-2018/1-0003
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CO; adsorbcijas uz vara aktiveSanas ar jonu $kidruma palidzibu

Georgijs Cikvaidze, Janis Kleperis, Guntars Vaivars
Latvijas Universitates Cietvielu fizikas institiits

CO; elektroreducésana ir perspektiva metode energijas un vides ilgtsp&jas problemu
risinasanai. Ir nepiecieSami jauni elektrokatalizatori, kuri var nodro§inat reducéSanas
procesu pie zemiem virsspriegumiem, un reakcijas produkti ir oglidenrazi ar augstu
pievienoto vértibu (etiléns u.c.). Lidz Sim visaugstako efektivitati nodroSinaja vara
katalizatori un katalitiskas reakcijas nodroSinasanai ir japanak efektiva CO, adsorbcija
no gazes fazes uz katalizatora virsmas. Labi zinama ir jonu Skidrumu 1pasiba — spgja
absorbét CO,. Saja darba m@s pétijam adsorbcijas procesa aktiveé$anu uz vara
katalizatoru ar jonu Skidrumu.

CO; adsorbcijas raksturoSanai izmantoja ATR-FTIR spektroskopijas metodi. Mérija
ar FTIR spektrometru Vertex 80v (Bruker, Vacija), papildinatu ar VeeMAX 111 (PIKE
Technology Inc., USA). Germanija kristala virsmu parklaja ar 20 nm biezu vara
kartinu un virs tas nodrosinaja CO; plismu. In Situ méritie spektri uzradija ievérojamu
adsorbcijas pieaugumu jonu $kidruma klatbatng.

Adsorption of CO; on copper stimulated by ion liquid

Georgijs Cikvaidze, Janis Kleperis, Guntars Vaivars
Institute of Solid State Physics, University of Latvia

Electroreduction of CO; represents a promising approach toward addressing global
challenges in energy and sustainability. The success depends on developing efficient
electrocatalysts capable of selectively reducing CO, to valuable hydrocarbon products
at low overpotentials (ethylene, etc.). So far, the best candidate is copper and for
efficient catalyst reaction, the CO, should adsorb from gaseous phase on the catalyst
surface. CO; capture with ionic liquids is well known. In this work, we investigated
the adsorption process stimulated by ion liquid. CO, adsorption on Cu surface was
studied by ATR-FTIR spectroscopy.

Spectra measured using FTIR spectrometer Vertex 80v (Bruker, Germany) together
with ATR accessory: VeeMAX |1l (PIKE Technology Inc., USA). The surface of the
ATR crystal from germanium was coated with 20 nm thick copper. This surface was
blown by a stream of CO,. In situ measurements showed a significant increase in the
adsorption of CO, on the surface of copper in the presence of an ionic liquid.

The financial support of European Union’s Horizon 2020 Research and Innovation
Program project under grant agreement No 768789 is greatly acknowledged.
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Sulfonéta polietereéterketona membranu izgatavoSana izmantojot ultraskanas
izsmidzinataju

Janis Teterovskis, Guntars Vaivars
Latvijas Universitates Cietvielu fizikas institiits

Sulfurétam polieteréterketonam (SPEEK), iznemot $kidibu organiskajos $kidinatajos,
ir cita butiska Ipasiba — protonu vadiSanas sp&ja, kas padara to par pievilcigu
materialu poliméra membranu iegtiSanai pielietojumam degsiinas. Tomer 11dzsingja
membranu izgatavo$anas metode ir ar izlieSanas panémienu. Membranu izgatavosanu
veic izSkidinot polim&ru un apstradajot ar ultraskanu. P&c apstrades ar ultraskanu
Skidumu ielej stikla Petri traucina un zaveé. Membranas izgatavojot ar izsmidzinaSanas
metodi, var tas izgatavot klajot planus slanus, tos zavejot uzreiz izsmidzinaSanas
iekarta. Lidz ar to iespgjama membranas izgatavoSana ar nepiecieSamajiem
konstruktivajiem parametriem un slanu 1pasibu variaciju.

Plano kartinu iegtsanai izmantoja plana slana smidzinataju ND-SP. ND-SP ir 3D
vadama sisteéma plano kartinu iegtisanai ar polimera skidinasanas panémienu.

Sulfonated polyetheretherketone membrane preparation with ultrasound spray-

coater

Janis Teterovskis, Guntars Vaivars
Latvijas Universitates Cietvielu fizikas institits

Sulfonated polyetheretherketone polymers are soluble in organic solvents and they
show high proton conductivity. Therefore, the material is applicable as a proton
conducting membrane in fuel cells. Traditional membrane preparation method is
casting. The polymer is dissolved and dispersed with ultrasound. Homogeneous
solution is cast in Petri dish and dried. Spraying allows to produce multilayered
membranes. At the same time it is possible to dry in situ in a spray-coater chamber.
Such approach allows to produce membranes with innovative solutions- changing
parameters and layer properties.

ND-SP Spray Coater was used for film preparation. ND-SP is a 3-axis controlled
system developed for the fabrication of thin films by wet deposition.

The financial support of European Union's Horizon 2020 Research and Innovation
Program project under grant agreement No 768789 is greatly acknowledged.
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Natrija jonu bateriju Na,FeP,0O; katodmateriala sintéze, struktiira, sastavs un
elektrokimiskas 1pasibas

Inara Nesterova, Gints Kucinskis, Gunars Bajars
Latvijas Universitates Cietvielu fizikas institiits

Natrija jonu baterijas tiek uzskatitas par potencialu alternativu litija jonu baterijam
natrija plasas pieejamibas d€l. Lai gan natrija jonu baterijas lielakoties tiek izmantoti
materiali, kas analogi litija jonu baterijam, lielaka Na jona radiusa un atsSkirigu
kimisko 1pasibu dél, nepiecieSams veikt dzilaku natriju jonu bateriju materialu izpéti
un optimizaciju.

Darba tika analizétas NayFeP,0O7 elektrokimiskas ipaSibas ka funkcija no sintézes
metodes un parauga esosa oglekla daudzuma - elektrovaditsp&jas uzlabosSanai ka
oglekla avots tika pievienota glikoze, 5% un 15% no kopgjas masas.

Analizgjot NayFeP,0; fazu tiribu un elektrokimiskas 1pasibas, secinam, ka
piemérotaka ir divpakapju cietfazu sintéze. Oglekla elektrovado$a piedeva bitiski
uzlabo gan produktu tiribu, gan ladinietilpibu. Maksimala iegtta ladinietilpiba —
80 mAh/g jeb 82% no teorétiskas ladinietilpibas 97 mAh/g.

Synthesis, structure, composition, and electrochemical properties of Na,FeP,0;
cathode material for sodium ion batteries

Inara Nesterova, Gints Kucinskis, Gunars Bajars
Institute of Solid State Physics, University of Latvia

Sodium-ion batteries are considered as a potential alternative to lithium-ion batteries
due to the abundance of sodium in the environment. Although materials used in
sodium-ion batteries are mostly analogous to materials used in lithium-ion batteries,
because of higher Na ion size and different chemical properties, lithium cannot
directly be replaced with sodium in existing materials, as deeper research and
optimization of materials is necessary.

During the work, electrochemical properties of Na,FeP,O; were studied as a function
of synthesis route and carbon content. Glucose was added to the synthesis as a carbon;
5wt.% and 15wt.% carbon content was tested.

By analyzing the phase purity and electrochemical properties of Na,FeP,O7, we find
that the two-step solid-phase synthesis yields the most promising results. After adding
carbon, charge capacity and purity of product is significantly improved. The highest
value of charge capacity obtained was 80 mAh/g or 82% of theoretical charge
capacity 97 mAh/g.

The financial support of project Advanced Materials for Sodium lon Batteries, project
No. 1.1.1.2/VIAA/1/16/166 is acknowledged
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Sulfonétu poliéteréterketona membranu uzbrieSana elektrolitos

Reinis Kaparkalgjs, Einars Sprugis, Guntars Vaivars
Latvijas Universitates Cietvielu fizikas institiits

Sulfonétu policteréterketonu (SPEEK) sintez€ja no poli&teréterketona (Sigma Aldrich,
molmasa Mn ~10300) to sulfur§jot. SulfonéSanas pakape = 0.70. Poliméru
membranas izgatavoja ar izlieSanas panémienu. IzSkidinatu poliméru izlgja Petri
traucina un zaveja 48 stundas pie 80 °C.

Udens absorbciju un uzbrieSanas pakapi noteica visam izgatavotajam membranam.
Sausu membranu nosvéra un izmérija tas platumu un biezumu. P&c tam membranas
iegremdéja uz 24 stundam dejonizéta tdeni un atkal noteica tas geometriskos
parametrus. Atseviski noteica membranu izm@ra izmainas péc analogas
iegremdésanas 1M KHCO; skiduma. Metrohm Autolab potenciostats/galvanostats
PGSTAT204 tika izmantots impedances un vaditsp&jas mérjjumiem (frekfencu
apgabals no 50 kHz Iidz 100 Hz; 10 frekfences/ dekadi; signal amplitada 10 mV).
Kalija saturu membranas péc jonu apmainas noteica, izmantojot rentgenfluoroscenci
elementanalizei (Bruker S8 Tiger).

Swelling of sulfonated polyetheretherketone membranes in electrolytes

Reinis Kaparkal@js, Einars Sprugis, Guntars Vaivars
Institute of Solid State Physics, University of Latvia

Sulfonated polyetheretherketone (SPEEK) was synthesized from polyetheretherketone
(PEEK), obtained from Sigma Aldrich (average molecular weight Mn ~10300) using
advanced sulfonation method. Degree of sulfonation = 0.70. Polymer membranes
prepared by using a solvent cast method. Polymer solutions were poured into Petri
dishes and dried for 48 h at 80 °C.

Water uptake and swelling degree were determined for each of the prepared
membranes. Dry membranes weighted and measured length and thickness. After that,
membranes immersed in deionised water for 24 h, weighted and measured again.
Alternatively, membranes immersed in a 1M KHCOj3 solution. Metrohm Autolab
potenciostat/galvanostat PGSTAT204 was used for impedance/ conductivity
measurements, and measuring parameters were: frequency range was 50 kHz to 100
Hz; 10 frequencies per decade; signal amplitude 10 mV. Potassium content after ion-
exchange obtained using XRF element analysis (Bruker S8 Tiger).

The financial support of European Union’s Horizon 2020 Research and Innovation
Program project under grant agreement No 768789 is greatly acknowledged.
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Karsésanas atmosferas ietekme uz ar graféna kvantu punktiem legéta TiO;
fotofizikalajam 1pasibam

Ainars Knoks', Janis Kleperisl, Péteris Lesniéenoksl’z, Gints Kuginskis®, Liga GrTnberga1
'Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas universitates Materidlzindtnes un lietiskas kimijas fakultate

Fotokatalitiska fidens apstrade ir viens no daudzsoloSiem pasivas vai dalgji pasivas
vides attiriSanas veidiem. Tam nepiecieSams stabils un pieejams katalizators. Titana
dioksids (TiOy) ir uzskatams par labu kandidatu neskatoties uz platu aizliegto zonu un
relativi 1su generéto fotoladinu dzives laiku. TiO, fotokatalitiskas Tpasibas var uzlabot,
pievienojot dazadus materialus, pieméram WOj3 vai uglekla dalinas ka graféna kvantu
punkti (GQD), tada veida izmainot TiO, fotofizikalas TpaSibas. Lai optimiz&tu
sint€zes procesu, piemaisijuma materialu ievadiSanu var veikt TiO; sintézes laika. Bet
zemos spriegumos anod@tais oksids ir amorfs, kam nepiecieSama kristalizéSana. Ir
noverts, ka karséSanas atmosféras un temperatiiras atstaj atSkirigu ietekmi ne tikai uz
TiOy, bet ar1 uz piemaisijumiem, pieméram, GQD.

ST darba ietvaros tiek apskatita TiOo/GQD kompozita karsé$anas dazadas atmosferas
(Ar/Hy, gaiss, N,) ietekme uz materiala fotofizikalajam ipasSibam. Tika sintez&ti
paraugi ar dazadu GQD piejaukumu daudzumu un karséti atSkirigds atmosferas,
salidzinot to ietekmi. Paraugu raksturoSana veikta ar SEM, XRD, Raman
spektroskopiju ka ar1 optiskam un elektrokimiskam metodém.

Annealing atmosphere influence on photophysical properties of TiO,/GQD
system

Ainars Knoks', Janis Kleperis®, Peteris Lesnicenoks"?, Gints Kucinskis', Liga Grinberga®
YInstitute of Solid State Physics, University of Latvia
“Faculty of material science and applied chemistry, Riga Technical University

Photocatalytic water treatment is considered as one of promising cleaning treatments.
This requires stabile and abundant as well as versatile catalysts. Titanium dioxide
(TiO,) is considered to be a good candidate with flaws i.e. wide band gap and a
relatively short lifetime of the generated photo charges. The photocatalytic properties
of TiO; can be tweaked with addition of components such as WO3 or carbon particles,
for example, graphene quantum dots (GQD). which are suitable for modifying the
photophysical properties of TiO,. Implementation of GQD is done during the TiO,
synthesis. But at low voltages, the anodized oxide is amorphous, which requires
crystallization by annealing. It has been determined that annealing atmosphere not
only influences the TiO, but also CQD. Thus, for successful material synthesis
understanding of the influence on GQD must be investigated.

In this work, influence of heating atmosphere (Ar / Hy, air, Ny) on TiO, / GQD is
examined. Samples with various GQD addition were created and annealed at different
atmospheres. Sample comparison was carried out by results provided by investigation
with SEM, XRD, Raman spectroscopy, as well as optical and electrochemical
methods. It was found that nitrogen atmosphere provide with lower photocurrent and
charge carrier density in comparison to Ar/H,.

Funding from European Union's Horizon 2020 Research and Innovation Program
project under grant agreement No 768789 is greatly acknowledged.
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CO; elektrokatalitiskas reduceéSanas reakcijas mehanisma aprékinu modela
verificeSana ar ATR-FTIR

Ainars Knoks', Georgijs Cikvaidze', Sergejs Piskunovs', Guntars Vaivars', Janis Kleperis®,
Péteris Lesnienoks'?, Ingars Luko3evics'
Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskds universitates Materidlzindtnes un lietiskas kimijas fakultate

Globalas klimata parmainas liek sevi manit jau Sodien, tadé] aktuali pétijjumi par
selektiviem katalizatoriem CO, reduc€Sanai, kurus 1&ta un videi draudziga veida varetu
izmantot plasa meroga konstrukcijas. Lai atrastu péc iesp€jas labakus katalizatorus,
vélams kombinét teorétiskos aprékinus ar smalkiem eksperimentiem. Misu teorétiskajos
aprékinos pieradits, ka vara nanoklasteru Cu; graudu robezvirsmas ir ar vislielako
elektrokatalitisko aktivitati CO, reduc€sanai par C,H; caur karbéna mehanismu (CH;
dimerizesanos).

FTIR spektroskopija sp& dot nepastarpinatu informaciju molekulara limeni, tapéc, lai
registrétu reakcijas starpproduktus un galaproduktus, uz ATR kristala tika izveidota
elektrolizes Stina ar planu vara katoda parklajumu. Kimiski absorbéts CO ir visbiezak
zinotais starpprodukts, ko IR spektros parasti atpazist péc platas asimetriskas joslas 2100-
1900 cm* intervala pie potencialiem, kas zemaki par —0,4 V, ar CO, piesatinatos
bikarbonatu elektrolitos. Péc miisu aprékiniem ka starpproduktam ar1 vajadzetu but CH;
molekularajam fragmentam; gala produkti ir C,H; molekula un paralélas reakcijas gala
produkts CH4. Miisu pirmo eksperimentu rezultati tiks prezentéti.

ATF-FTIR use as theoretical reaction mechanism verification method in
determination of CO, electrochemical reformation products

Ainars Knoks', George Chikvaidze', Sergei Piskunov', Guntars Vaivars®, Janis Kleperis®,
Peteris Lesnicenoks™?, Ingars Lukosevics®
YInstitute of Solid State Physics, University of Latvia
“Faculty of Materials science and Applied Chemistry, Riga Technical University

Global climate change is taking its toll today, leading to research on selective CO,
reduction catalysts that can be used in large-scale, low-cost and environmentally friendly
ways. To rationally design more advanced catalysts, the combination of theoretical and
experimental approaches is desired. According to our theoretical predictions the grain
boundaries of Cu; cluster can demonstrate the best electrocatalytic ability for the C,H,
formation through CH, dimerization (“carbene” mechanism).

FTIR spectroscopy can directly provide molecular-level information, therefore, to record
the reaction intermediates and products, an electrolysis cell with a thin film of copper
cathode was formed on the ATR crystal. Chemisorbed CO is the most frequently reported
intermediate, which in IR spectra is detected as asymmetric band in region 2100-1900
cm ' at potentials lower than —0.4 V in CO,-saturated bicarbonate solution. According to
our calculations, the CH, molecular moiety also should be as intermediates; the end
products are the C,H, molecule, including the parallel reaction with end product CH,4. The
results of our first experiments will be presented.

Funding from European Union’s Horizon 2020 Research and Innovation Program project
under grant agreement No 768789 is greatly acknowledged.
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Ar slapekli dopétas aktivetas ogles pielietojums ka gazu sensora materials

Ingars Luko3eviés', Aleksandrs Volperts?, Galina Dobele? Janis Kleperis®
"Latvijas Universitates Cietvielu fizikas institiits,
2LV Koksnes Kimijas institiits

Oglekla materiali, piem&ram, graféns vai oglekla nanocaurulites, sevi pieradijusi ka
ievieSot struktiira defektus — piejaukuma atomus. Ir zinami vairaki elementi, ar kuriem
dopgjot izmainas So materialu 1pasibas, no kuriem slapekla dopanti nanostrukturétiem
oglekla materialiem piedod katalitiskas TpaSibas.

Darba, parstradajot koksni, iegiita ar slapekli dopéta aktivéta ogle, kas izvé€leta ka
jutigais materials gazu sensoram. Ta raksturota ar XPS un hromatografijas metodem.
Ka atbildes reakciju registréjot sensora materiala elektrisko pretestibu, apskatiti
sekojoSi parametri: pretestibas izmaina, izmainas atrums gazes iedarbiba un
regeneracijas laika, atkartojamiba. Ka mérka gaze apskatiti amonjaks NH3 un slapekla
oksidu NOy maistjums. legutie rezultati tiks apkopoti kopa ar papildus
raksturojumiem magistra darba.

Nitrogen doped activated carbon as gas sensor material

Ingars Lukosevics®, Aleksandrs Volpertsz, Galina Dobele?, Janis Kleperis*
YInstitute of Solid State Physics, University of Latvia,
?Latvian State Institute of Wood Chemistry

Carbon materials such as graphene or carbon nanotubes have shown the potential to
be used as a gas sensor material. The efficiency of sensing can be improved by
introducing defects — foreign atoms. Multiple dopants have shown to significantly
change the properties of carbon-based material. Nitrogen as dopant has shown to
cause catalytic properties to appear.

In this work by recycling wood nitrogen doped activated carbon is obtained and used
to make the gas sensor. The material is characterized by the means of XPS and
chromatography.

Electric resistance is registered as the sensor response. Multiple sensor material
parameters are studied, namely the maximum resistance change, the rate of change in
influence of gas and the regeneration period, and the repeatability. The response is
tested against ammonia NHj3; and nitrogen oxide mix NO,. Obtained results with
additional characterization will be compiled in the master’s thesis.

Authors acknowledge financial support from Latvian Science Council project LZP
FLPP No. LZP-2018/1-0194.
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Ar slapekli dopetu un nedopétu aktivetu oglu elektrodu pielietojums mikrobu
baterijas

Renars Lavinél, Ingars Lukosevi¢s®, Zane Lanka', Janis Kleperis2
'Rigas 64. vidusskola
2Latvijas Universitates Cietvielu fizikas institiits

P&c elektroenergijas ir visstraujak augosais pieprasijums. Misdienas liela dala energijas
tiek iegiita no fosilas kurinama, kas sak izsikt un ta izmantoSana piesarno apkartgjo vidi.
Ka alternativa ir zinamas mikrobu baterijas, kuras mikrobu metabolisma cela var iegit
elektroenergiju. Tiek mekléti jauni elektrodu materiali, kas uzlabotu S$o bateriju
efektivitati.

Darba mérkis bija salidzinat ar slapekli dop&tu un nedopétu aktivétu oglu elektrodus. Tika
izgatavotas divas mikrobu baterijas Stnas, kuras atSkiras ar izmantoto elektrodu
uzklajumu. Viena elektroda uzklajums tika izgatavots ar slapekli dop&tu aktivétu ogli,
otrs - ar slapekli nedop@tu aktivétu ogli. Sie elektrodi tika raksturoti skengjosaja elektronu
mikroskopa (SEM) un veikti Stinas elektriskie merijjumi.

Tika mérits un salidzinats abu mikrobu baterijas Siinu elektriskais spriegums, izlades un
regeneracijas raksturojumi, ka ari SGnas jauda atkariba no izlades stravas. Péc
mérfjumiem secinats, ka Stna ar slapekli dopétu aktivas ogles elektrodu ir piemérotaka
baterijas pielietojumam — spriegums uz Stnas ir ievérojami lielaks un maksimala
iegiistama jauda ir gandriz par kartu lielaka. Tomér kopuma ar1 labakas Siinas jauda ir
neliela, tade] praktiskai pielietoSanai jaapsver daudzu k&de saslégtu mikrobu baterijas
stinu risinajumi.

Nitrogen doped and non-doped activated carbone use in microbial fuel cell’s

Renars Lavins', Ingars Lukosevics?, Zane Lanka', Janis Kleperis®
'Riga 64th Secondary School
“Institute of Solid State Physics, University of Latvia

There is an increasing demand for electricity. Nowadays a large portion of energy is
obtained by burning fossil fuel, but this resource is running out and creates pollution. As
an alternative microbial fuel cells have been discovered. Electricity can be obtained by
using microbial metabolism. To increase the efficiency of these fuel cells new electrode
materials are researched.

The aim of this study was to compare activated carbon electrodes - doped with nitrogen-
and non-doped. Two microorganism fuel cells were made with different anodes. One
electrode coating was made with activated carbon, the other with nitrogen doped
activated carbon. These electrodes were characterised by the means of scanning electron
microscope (SEM), and electrical measurements were performed.

The electrical voltage of both fuel cells was compared, together with charge and
discharge as well as cell power depending on discharge current. The study showed that
nitrogen doped carbon electrodes are more suitable this application — cell shows higher
voltage and maximum power is almost an order of magnitude higher. It has also been
observed that the available current power of a best single cell is too low, power in the
range if microwatts. As a solution for practical application connecting cells in series or
parallel would be an improvement.

Authors acknowledge financial support from Latvian Science Council project LZP FLPP
No. LZP-2018/1-0194 and AV and GD from LS Institute of Wood Chemistry for supply
the carbon materials.
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Elektrokimiskas eksfoliacijas pielietojums grafena funkcionalizeSanai ar slapekli

Roberts Olinél’z, Pé&teris Lesniéenoksl‘z, Janis Kleperisl, Ainars Knoks®, Ingars Lukogeviés®
1Laz‘vijas Universitates Cietvielu fizikas institiits
le"gas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultate

Graféns tika atklats 21. gadsimta sakuma, bet ir jau pieradijis sevi daudzos
pielietojumos — energétika, medicina, elektronika, partikas un sporta nozar¢, ka ari
citur. Tur savs ieguldijums ir ar1 dazados veidos iesp&jama nanostrukturéta oglekla
materialu funkcionaliz€Sana gan ar nemetalu, gan metalu atomiem, pieskirot izejas
materialam uzlabotas esosas vai jaunas 1paSibas, pat katalitisko aktivitati.

Viens no graféna sintézes veidiem ar razoSanas un izmaksu efektivitates palielinasanu,
kas tai pat laika var€tu nodrosSinat iegiita materiala funkcionaliz€Sanu ar slapekli, ir
grafita elektrokimiska eksfoliacija. Miisu darba ietvaros tiek pétita eksfoliacijas
parametru (elektrolita sastavs, pielikta sprieguma polaritate un impulsu parametri)
ietekme uz iegiita nanostrukturéta oglekla materialu dalinu lielumu un biezumu (slanu
skaitu) un iesp&ju to funkcionalizet ar slapekli.

Eksfoliacija tiek veikta NaNj; elektrolita skiduma, kas nodro$ina mazaku O grupu
esamibu vidg, kas var€tu saistities ar iegiito grafénu, salidzinot ar, piem&ram, NH,OH.
Elektrolita ievietoti divi grafita elektrodi, kuriem periodiski tiek mainits spriegums no
0-10V. glgidums, kas satur iegiito pulveri, tiek filtréts caur 0,2um filtru un zavets, tad
tas tiek reducets Ar/H(95/5%) gazes plusma. Sintez&tie materiali raksturoti ar SEM,
AFM, XPS un citam metodém.

Electrochemical exfoliation — streamline method for synthesis of nitrogen
funcionalized graphene

Roberts Olins™?, Peteris Lesnicenoks™?, Janis Kleperis', Ainars Knoks', Ingars Lukosevics'
YInstitute of Solid State Physics, University of Latvia
ZMLKF, Riga Technical University

Graphene was discovered in the early 21st century, but has already proven itself in
many applications - energy, medicine, electronics, food and sports, and more.
Functionalization of nanostructured carbon materials with both non-metallic and
metallic atoms is possible in various ways, imparting enhanced or new properties to
the starting material, even catalytic activity.

Graphene was discovered in the early 21st century, but has already proven itself in
many applications - energy, medicine, electronics, food and sports, and more.
Functionalization of nanostructured carbon materials with both non-metallic and
metallic atoms is possible in various ways, imparting enhanced or new properties to
the starting material, even catalytic activity

The exfoliation process is done in a NaNs electrolyte solution which provides less
quantity of oxygen groups that tend to strongly bond at defect sites on the graphene,
comparing with such solvents as NH,OH. Two graphite electrodes are inserted into
the electrolyte and a pulse power of 0-10V is applied. The solution containing the
obtained material is filtered through a 0,2um filter, dried and then reduced in an tube
furnace with a constant flow of Ar/H, (95/5%) gas. The material is characterized
using SEM, AFM, XPS and other methods.

Authors acknowledge financial support from Latvian Science Council project LZP FLPP
No. LZP-2018/1-0194.
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Grafens, ta iegiiSana un plano kartinu siltumvaditspéja un efektivitate

P&teris Tjarve', Agris Zvirgzding', Péteris Lesniéenoks2‘3, Roberts Oli1;§2‘3, Janis Kleperis2
'Rigas Valsts 1. gimnazija
’Latvijas Universitates Cietvielu fizikas institiits
3Rigas Tehniskds universitates Materialzindtnes un lietiskas kimijas fakultate

Neizmantotais siltums un nerecikl&ti materiali ir miisdienu sabiedriba neapgiiti resursi,
kuriem ir jaklist par drosmigu zinatnieku pétijumu mérkiem. Neizmantojamais,
paripalikusais industrialais un tehnologiskais siltums, galvenokart dzes€Sanas
tehnologijas, rada dazadas papildu izmaksas. Elektronikas un tehnologisko procesu
dzes@Sanas problémas atrisinaSana ir loti finansiali interesanta t€ma gan prieks
razotajiem gan vides, kas So tému padara vél pievilcigaku.

Misu darba, pielietojot pieejamo izmantota grafita recikléSanas metodi, ir ieguts
siltumvadoSu materials, kas pielietojams siltumvadoSo parklajumu izveidg. Ja lidziga
svara metala radiatora siltuma atdeves sp&ja atskiras tikai no siltumvadosa parklajuma
klatesamibas, tas jau dod pienesumu efektivitates palielinasanai. Iesp&a samazinat
radiatoru svaru, samazinot metala daudzumu un pielietojot siltumvadoSos
parklajumus, ir noderiga tehnologija gan industrialajos procesos, gan jaunakajas
tehnologijas uz zemes, gaisa un kosmosa.

Graphene, its production and thin film thermal conductivity and efficiency

Péteris Tjarve', Agris Zvirgzding', Peteris Lesnicenoks®?, Roberts Olins®®, Janis Kleperis®
'Riga State Gymnasium No.1
%Institute of Solid State Physics, University of Latvia
3Faculty of Materialscience and Applied Chemistry, Riga Technical University

Waste heat and waste materials are two of the modern society plaguing elephants in
the room which still need to be addressed by responsive scientists who boldly go
looking for solutions. Waste heat also creates extra costs and losses in energy needed
for cooling. Cooling of electronics as well as industrial processes are the problems
that can save enormous funds for large companies and the environment, which makes
this a good topic to investigate.

In our research work available raw graphite-recycling methodology is used to develop
graphene-like material for thermally conductive coatings on metals allows us to
investigate possible thermal benefits. If the same thermal properties of the radiator
fins can be achieved by smaller metal fins with extra graphene coating, both weight
and metal saving benefits arise. Weight of radiators can be extremely beneficial to
state-of-the-art technologies on land, in air and in space.

The financial support of Latvian Science Council project LZP FLPP No. LZP-2018/1-
0194 is greatly acknowledged.
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Innovativi materiali uz nanostrukturéta oglekla bazes — materiali energétikai

Mareks Grizans®, Péteris Lesniéenoks2’3, Roberts Olig§2‘3, Janis Kleperis2
'Edgara Kaulina Lielvardes vidusskola
’Latvijas Universitates Cietvielu fizikas institiits
3Rigas Tehniskds universitates Materialzindtnes un lietiskas kimijas fakultate

Misdienu tehnologijas arvien nozimigaku vietu ienem formas faktors - komponensu
izméru samazina$ana un efektivitates paliecina$ana. Sos nozimigos — raZzo$anu
palétinosos, materialus ietaupo$os un produktu Svaru samazinoSos nosacijumus ir
vieglak sasniegt, izmantojot efektivakus materialus. Biezi efektivitati materialiem
nosaka to aktivas virsmas laukums, uz kuras var notikt kimiskas reakcijas.
Nanomateriali un nanoporainas, nanostrukturétas dalinas lauj sasniegt ipasibas, kuras
nav realiz€jamas ar makroskopisku materialu izmantosanu.

Petijuma izveidoti degStnu testa prototipi un salidzinati dazadi degSiinu elektrodi,
izmantojot grafénu un tradicionalos degStnu katalizatoru materialus. Izmantojot
NAFION poliméra saistvielu izgatavota katalizatoru tinte, kas uzklata uz Fuel Cell
Earth grafita papira elektrodiem. Izmantojot atras salikSanas iesp&ju testétas Pd, Pt
katalizatoru tintes ar graféna piedevu ar meérki uzlabot stravas sadali pa parauga
virsmu un aizvietot dargmetalu katalizatora materiala daudzuma nepieciesamibu, ka
arT NAFION 117 un SPEEK membranas.

Innovative nanostructured carbon materials for energy

Mareks Grizans', Peteris Lesnicenoks®®, Roberts Olins??, Janis Kleperis?
'Edgars Kaulins Lielvarde secondary school
%Institute of Solid State Physics, University of Latvia
3Faculty of Materialscience and Applied Chemistry, Riga Technical University

Nowadays modern technologies are strongly influenced by form-factor, decrease of
size in components and increase of effectivity. These commercially beneficial,
important and raw material saving and weight reducing points are easier to reach by
using more efficient materials. Often in chemical reactions material activity is
strongly influenced by the active surface area and especially its size. Nanomaterials —
nonporous, nanostructured particles allow to reach reactivity and properties
unachievable by macroscopic materials.

In this work multiple fuel cell prototypes have been compared. Different electrodes —
using traditional catalyst materials have been used. NAFION 117 water solution
binder was used in catalyst ink formation which was later coated on Fuel Cell Earth
graphite paper mesh electrodes. Using quick assembly method Pd, Pt catalyst inks
with graphene additive has been tested. The goal of graphene additive was expected
uniform current distribution over electrodes surface. Also, same type NAFION 117
and SPEEK membranes were tested in Fuel Cell prototypes.

The financial support of Latvian Science Council project LZP FLPP No. LZP-2018/1-
0194 is greatly acknowledged.
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Karbonizéta stikla Skiedras auduma masas atjaunoSanas péc izotermiskas
karseSanas

Gunars Bajars, P&teris Lesni¢enoks, Janis Balodis, Evalds Pentjuss
Latvijas Universitates Cietvielu fizikas institiits

Petits stikla Skiedras audums ar dabiski izveidojusos tronas (NazH(COs3),-2H,0)
nanoizméru, haotiski orientétu kristalu Caulu uz Skiedras. Audums rada interesi
pateicoties Caulas kristalu lielai virsmai un vides pieejamibai, lai to pétitu un
izmantotu. Darba auduma paraugi izturéti 1h pie temperataram Virs tronas bruksanas
sakuma temperatiiras (57°C). Analizéta masas atjaunoSands ilgtermina (ménesi):
dabiski mainiga istabas vide; plus palielinata lidz 75% RH; plus palielinata RH un
lidz 1000 ppm CO, koncentracija. Izkarsétiem lidz 70-80 °C paraugiem masas
pieaugums istabas vid€ korel€ ar vides mitruma picauguma pikiem. Pieaugums sastav
no neatkarigas (domingjosas) un atkarigas no sekojosa vides mitruma krituma dalam.
Pirma dala skaidrojas ar iebuvéta tidens un otra- ar vidi lidzsvarota, fizikali adsorb&ta
tidens atjaunoganos kristalos. Karsgtiem virs 80°C paraugiem atmosféra ar palielinatu
RH, laika grafika paradas H,O adsorbcijas pikis, kas varétu bt saistits ar nopietnaku
kristalu virsmas porainibu (pieméram, CO;1), kas uz laiku palielina idens adsorbciju
kamer poraina virsma iz8kist un liekais H,O iztvaiko. P&c pika pazuSanas sakas
laika lineara, Iéna masas palielinasanas, saistita ar nepartrauktu tidens adsorbciju un
Caulas kristalu 1énu $kiSanu tdeni lidz piesatinagjumam, kas sakrit ar teor€tisku
paredz&jumu literatiira.

Carbonised Glass Fibre fabric mass renewal after isothermal heating

Gunars Bajars, Peteris Lesnicenoks, Janis Balodis, Evalds Pentjuss
Institute of Solid State Physics, University of Latvia

Studied glass fibre fabric with a naturally formed trona (NasH(CO3),-2H,0) nanosize
and chaotic crystal shell on fibers. The fabric creates interest thanks to the large
surface crystal and the availability of the environment to study and use it. At work
fabric samples are aged 1h at temperatures above the trona decomposition starting
temperature (57°C). Analysis of mass regeneration in the long term (months) are
fullfilled: in a naturally changing room environment; plus increased to 75% RH; plus
an increased RH and up to 1000 ppm of CO, concentration. For heated up to 70-80 °C
samples, the increase in mass in the room environment correlates with the increase
peaks in environmental humidity. Growth consists of independent (dominating) and
dependent in the ensuing environmental drop in moisture. The first part is explained
by the number of built-in water and the other-an environmentally balanced, physically
adsorbed water rejuvenation in the crystals. For fired over 80°C samples in an
atmosphere with an increased RH, the time schedule shows a high H,O adsorption
peak, which could be due to more serious crystal surface damage with CO, excretion
and temporary an increase in water adsorption while the porous surface dissolve.
After peak disappearance, the linear and slow weight gain of fabric is started,
associated with continuous adsorption of the water and the dissolution of the crystals
surface in water to a saturation that coincides with theoretical prediction in the
literature

The support of Base Funding is greatly acknowledged
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Lineara pastavigo magnétu generatora teorétiskais modelis idens triecei

Leo Kruglikovs', Ingars Lukosevi¢s?, Vladimirs Nemcevsz, Biruta Skéle, Janis Kleperis2
1Rigas Francu licejs
2Latvijas Universitates Cietvielu fizikas institiits

Darba izveidots teorétiskais modelis un izpétits ta pielietojums vienkarSam pastavigo
magnétu lineara generatora prototipam. Linearic generatori ir pielietojami
mikrogeneracija dazados procesos, kur rodas taisnvirziena kustiba, arT daba,
pieméram, teko$s tidens. Jau gadu simtiem mehaniska hidroierice - Gidens triece - tiek
izmantota kalnainos apvidos udens pacelSanai lielos augstumos, bet musu darba
apskatits @idens trieces pielietojums elektribas iegiidanai. Sadi saraZota elektroenergija
nerada siltumnicas efekta gazu emisijas. Prototipa serdi veido ar vienadiem poliem
viens otram pretl novietoti pastavigie magnéti, kurus atdala magnétiski miksts teérauds
(attela). Magnétiska lauka modeléSanai ap serdes

magnétiem un magnétiskas plusmas skaitliskai

aprékinasanai serdei vai vijumu spolei kustoties, 2N N

izmantots Galigo elementu metodes programmas “ﬁ‘\

magnétisma modulis FEMM. Prototips tika testets |

ar solu dzingju darbinama stenda, izmantojot N ‘->8
oscilografu elektrisko parametru (atvértas ke&des R 2 &
potencials, slodzes strava) registréSanai. Teor&tiski i"‘(\‘?" ey —

izskaitlotiem parametriem novérota laba sakriSana ar eksperimenta noteiktam ltkném,
kas dod iesp€ju izmantot teor&tisko modeli reala prototipa konstrukcijas un elementu
optimizacijai.

Theoretical Model of Linear Permanent Magnet Generator for Water Ram Pump

Leo Kruglikovs®, Ingars Lukosevics?, Vladimirs Nemcevs?, Biruta Skele®, Janis Kleperis?
'Riga French Lyceum
?Institute of Solid State Physics, University of Latvia

In this paper a theoretical model is developed and is tested with a simple prototype of
permanent magnet linear generator is investigated. Linear generators can be used in
micro-generation in a variety of processes where linear motion occurs, including
running water. For hundreds of years, a mechanical hydroelectric device - water ram
pump - has been used to lift water to high altitudes in mountainous areas, however our
work explores the use of water ram pump to generate electricity. The electricity
produced this way does not emit greenhouse gases. The prototype core is made up of
permanent magnets with opposite poles facing each other, separated by magnetically
mild steel (Figure). For modeling the magnetic field around the core magnets and
numerically calculating the magnetic flux as the core or winding coil moves, the
magnetism module of the Finite Element Method Program (FEMM) is used. The
prototype was tested on a step motor driven bench using an oscillograph to record
electrical parameters (open-circuit potential, load current). The theoretically
calculated parameters correspond with experimentally obtained curves, which make it
possible to use the theoretical model for optimization of a real prototype construction
and parts.

The financial support of ESF project No 8.3.2.1./16/1/002 from National Center for
Education is greatly acknowledged.
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WS, un MoS; planas kartinas sintéze uz GaN nanovadiem un GaN veiferiem

Zarina Umatova®, Lauris Dimitrocenko?, Edgars Butanovs?, Boris Polyakov2
! Nazarbayev University
2 Latvijas Universitdtes Cietvielu fizikas institiits

Parejas metalu dichalkogenidi (PMD), ieskaitot to heterostruktiras, ir svarigi nakamas
paaudzes iericeém elektrokimijas, sensoro un fotoelektrisko elementu joma. Lielakaja
dala publicéto darbu TMD materiali tika sintezeti ar CVD metodi. Pievilciga CVD
metodes alternativa un piemérotaka merogoSanai un riipnieciskai razoSanai ir planas
oksida kartinas magnetrona nogulsnéSana ar sekojoSu parveérSanu uz PMD.

Plano filmu laboratorija (ISSP) nesen tika izstradata metode WO3 un MoOj; planu
plévju DC reaktivajai magnetrona nogulsnéSanai no atbilstoSajiem metala mérkiem un
sekojosa So oksidu parvérSana disulfidos temperatiras diapazona no 600 lidz 800 C
gradiem séra atmosfera. Saja darba més sintez&jam dazus slanus planas WS, un MoS;
uz GaN nanovadiem un GaN veiferu virsmam. legiitos paraugus raksturoja ar XRD,
Ramana spektroskopijas, SEM, TEM un AFM mikroskopijas metodém.

Balstoties uz eksperimentalajiem rezultatiem, mé&s secin3jam, ka GaN ir ideals
substrats WS2 un MoS2 kristalisko planu kartpu audzesanai.

Synthesis of thin film of WS, and MoS; on GaN nanowires and GaN wafers

Zarina Umatova®, Lauris Dimitrocenko?, Edgars Butanovs?, Boris Polyakov2
' Nazarbayev University
2 Latvijas Universitates Cietvielu fizikas institiits

Transition metal dichalcogenides (TMDs), including their heterostructures are
essential for the next generation of devices in electrochemistry, sensing, and
photovoltaics. In most published works TMDs materials were synthesized by CVD
method. An attractive alternative of CVD method and more suitable for upscaling and
industrial manufacturing is magnetron deposition of thin oxide film with subsequent
conversion into TMDs.

In the Thin films laboratory (ISSP) recently was developed method of DC reactive
magnetron deposition of WO3 and MoOj thin films from corresponding metal targets,
and subsequent conversion of these oxides into disulfides in temperature range 600-
800 C degrees in sulfur atmosphere. In this work we synthesized of few layers thin
WS, and MoS, on GaN nanowires and GaN wafer surfaces. Obtained samples were
characterized by XRD, Raman spectroscopy, SEM, TEM and AFM microscopy
methods.

Based on the experimental results we concluded that GaN is perfect substrate for
growing WS, and MoS; crystalline thin films.

The financial support of Latvian Science Council grant Izp- 2018/2-0083 is greatly
acknowledged.
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Latvijas “EUROfusion” laboratorijas ieguldijums cela uz CO; brivu energijas
avotu

Andris Sternbergs
Latvijas Universitates Cietvielu fizikas institiits

Eiropas Zala kursa 2050 konteksta ipasi aktuals kluvis darbs pie CO; briva energijas
avota radiSanas. Vislielakas ceribas tiek liktas uz kodolsinté€zi, procesu, kura divi
vieglo elementu atomu kodoli vides ekstrémas iedarbibas rezultata reaktora tiek
maksligi ciesi satuvinati, lai veidotu smagaka elementa kodolu un no masas starpibas
ieglitu energiju. Nakotnes energijas izstrade notiek sadarbojoties 34 pasaules valstim,
tostarp Latvijai. Latvijas “EUROfusion” pétniecibas vienibu koordiné Latvijas
Universitates Cietvielu fizikas institits (LU CFI). Saja grupa ietilpst zinatnieku
grupas no LU CFI, Latvijas Universitates Kimiskas fizikas institita un Latvijas
Universitates Fizikas institiita. Latvijas vienibas merki ir izstradat konstrukciju un
funkcionalos materialus kodolsintézes procesa ekstrémajiem apstakliem, ka ar1 skidra
metala izmantoSanas izpSte dzes€Sanas un siltuma aizvadiSanas procesa, tritija
kimisko formu izveért€Sana un plazmu skaroSo virsmu defektu izpete ar lazeru
ablacijas spektroskopijas un citam metodém. Kodolsint€zes ievieSana ir planota tris
fazes- 1stermina, vidgja termina un ilgtermina- un katra no §im fazém paver iesp&jas
Latvijas zinatniekiem.

Contribution of the Latvian “EUROfusion” Laboratory towards a CO, free
energy source

Andris Sternbergs
Institute of Solid State Physics, University of Latvia

The development of a CO,-free energy source has become particularly relevant in the
context of the European Green Deal 2050. Great expectations lies in fusion, a process
in which two light atomic nuclei are artificially tightly fussed together in a reactor due
to extreme environmental stress to produce a heavier element nucleus and release
energy derived from the mass difference. Technology of the future energy is being
developed in cooperation of 34 countries worldwide, including Latvia. The Latvian
“EUROfusion” research unit is coordinated by the Institute of Solid State Physics,
University of Latvia (ISSP UL). This laboratory includes groups of scientists from the
ISSP UL, the Institute of Chemical Physics, the University of Latvia and the Institute
of Physics, the University of Latvia. The aims of the Latvian laboratory are to develop
structural and functional materials for the extreme conditions for the fusion reactor, as
well as to investigate the use of liquid metal in cooling and heat exchange, the
evaluation of chemical forms of tritium and investigation of defects in plasma-
contacting surfaces with laser ablation spectroscopy and other methods. The
development of fusion energy in general is planned in three phases - short, medium
and long term - and each of these phases opens up opportunities for Latvian scientists.
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Koaksialie Zirotroni DEMO kodolsintézes reaktoriem

Olgerts Dumbrajs
Latvijas Universitates Cietvielu fizikas institiits

Zirotroni ir lieljaudas elektromagnétisko vilnu generatori GHz diapazona. Tos
izmanto kodol plazmas kars€Sanai un tas stabilitates nodroSinasSanai. Miisdienas tie
darbojas daudzos kodolsintézes pétniecibas institiitos, pieméram ASDEX-Uprade
tokamaka un Wendelstein 7-X stelaratora Vacija. P&c daziem gadiem tie darbosies
pasaules lielakaja tokamaka ITER Francija. So Zirotronu jauda ir ap 1 MW un to
frekvence ap 170 GHz. NakosSais posms kodolsinté€zes pé&tnieciba ir ta saucamais
DEMO - kodolsinteézes reaktors, kam jademonstré, ka kodolsintézi tieSam var€s
izmantot energijas iegiiSanai riipnieciskos mérogos. DEMO vajadzibam jakonstrué
zirotrons, kura jauda ir 2 MW un kas var darboties pie trim frekvenceém:
pamatfrekvence 238 GHz, divas palig frekvences 204 GHz un 170 GHz. Tik lielu
jaudu var generét tikai ta sauktie koaksialie zirotroni — Zirotroni, kura rezonatora
ievietots stienis. Sadus Zirotronus péta Karlsriies Tehnologiskaja Institiita Vacija.
Referata tiks apliukoti $o p&tijumu rezultati un perspektivas.

Coaxial-Cavity gyrotrons for DEMO

Olgerts Dumbrajs
Institute of Solid State Physics, University of Latvia

Gyrotrons are vacuum tubes based on electron cyclotron maser instability. They are
the only microwave sources that are capable of generating power at megawatt levels.
Gyrotrona are used for electron cyclotron heating, current drive, and stabilization of
the magnetically confined plasma in plasma experiments such as ASDEX-Upgrade
tokamak and Wendelstein 7-X stellarator in Germany. In the nearest future they will
be used in the world’s largest tokamak ITER in France. As the next step it is planed
to demonstrate that fusion power can be generated in industrial power plant (DEMO).
DEMO requires 2 MW gyrotrons with the main operating frequency of 238 GHz and
auxiliary frequencies at 204 GHz and 170 GHz. Such parameters can be obtained only
in the so called coaxial-cavity gyrotrons whose cavities contain an insert. Such
gyrotrons are studied at the Karlsruhe Institute for Technology in Germany. The
present state and perspectives of these studies will be discussed.
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Itrija un titana uzvediba ODS térauda izgatavoSanas procesa

Arturs Cinting", Andris Anspoks', Aleksejs Kuzmins®, Juris Purans', Nerea Ordas®
Latvijas Universitates Cietvielu fizikas institiits
2Univ Navarra, CEIT 1K4

Kodolsintézes un tradicionalo kodoldaliSanas IV reaktoru paaudze ekspluataciju var
padarit ekonomiski izdevigu ODS terauda izcilas 1pasibas ka radiacijas izturiba,
termiska stabilitate un stipriba, kas lauj izsturét ilgstoSu struktiiru bojajumus augstas
energijas neitronu apstaroSanas d¢l. Lai ieghitu téraudu ar tadam Tipasibam, ir
nepiecieSams vienmerigi sadalit pa visu materialu nanoizméra oksidus nanodalinas.
Tradicionali ODS téraudu izgatavo ar mehanisko sakaus€Sanu (MA), bet MA ietver
vairakus trikumus, tostarp ta laiku un izmaksu neefektivitati, piesarnojumu no
samalSanas lidzekliem utt. CEIT-IK4 izstradaja inovativu metodi, lai iegiitu ODS
teéraudu, kas izvairas no mehanisko sakausésanu — STARS [1].

Saja darba ar rentgenabsorbcijas spektroskopijas palidzibu tika izpétita Y un Ti lokala
struktira ODS téraudos, kuru izgatavoja CEIT-IK4, atkariba no daZadiem
izgatavoSanas parametriem. Darba tika analiz&ti Y un Ti K-malas rentgenabsorbcijas
spektri, kas lava noteikt Y un Ti valences stavokli un lokalo struktiru, atkariba no
razoSanas posmiem un apstakliem.

Yttrium and titanium behaviour in ODS steel manufacturing stages

Arturs Cinting®, Andris Anspoks®, Aleksejs Kuzmins®, Juris Purans’, Nerea Ordas®
YInstitute of Solid State Physics, University of Latvia
Univ Navarra, CEIT 1K4

The safety, reliability, economy and efficiency of generation 1V fusion and fission
reactors will depend on the oxide dispersion-strengthened (ODS) steel outstanding
properties that are sustained under long-term crystal structure damage by high-energy
neutron radiation. An important requirement is the presence of a high concentration of
nanosized oxide particles in the alloy matrix. The conventional processing route of
ODS steel includes mechanical alloying (MA). However, MA involves several
drawbacks including its time and cost inefficiency, the contamination from the
grinding media, etc. An innovative method, called STARS [1], was developed by
CEIT-1K4 to obtain ODS alloys production that avoids the mechanical alloying.

In this study, we took a closer look at the local structure of Y and Ti atoms in ODS
steels produced by CEIT-1K4 using X-ray absorption spectroscopy. We have studied
dependencies of the local structure on different manufacturing stages.

The analysis of the Y and Ti K-edge X-ray absorption near edge structure (XANES)
and extended X-ray absorption fine structure (EXAFS) allowed us to reveal changes
in Y and Ti oxidation state and local structure as a function of different manufacturing
stages and conditions.

[1] D.Pazosetal., “ODS ferritic steels obtained from gas atomized powders

through the STARS processing route: Reactive synthesis as an alternative to
mechanical alloying,” Nucl. Mater. Energy, vol. 17, pp. 1-8, Dec. 2018.
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IrO; ieslegums ZnO: elektronisko defektu simulacija

Andrejs Cesnokovs', Deniss Grjaznovs', Juris Purans’, Aleksejs Kuzmins',
Jevgenijs Kotomins™?, Natalija V. Skorodumova®*
Cietvielu fizikas institiits, Latvijas Universitate
?Max Planck Institute for Solid State Research
*Department of Physics and Astronomy, Uppsala University
“Department of Materials Science and Engineering, KTH Royal Institute of Technology

Cinka oksids (ZnO), pateicoties pusvaditaju un optoelektroniskas industrijas
centieniem, ir labi izp&tits materials, tom&r ta pétijumi joprojam sp&j radit jaunas
atzinas. ZnO var viegli parveidot par n-tipa vadoSu. Veicot Zé&beka koeficienta
mérjjumus planajam kartinam, izaudz&tam no ZnO ar Ir piemaisijumu, tika paradits,
ka ZnO var bit p-tipa vaditdjs, ja Ir koncentracija parsniedz noteiktu robezu. Saja
darba, pielietojot uz blivuma funkcionala teorijas balstitus datoraprékinus, meés
parbaudam, vai So paradibu var izskaidrot ar skabekla defektu veidoSanos
starpmezglu pozicijas.

Sis sistemas modelé$anai mes pielietojam spinu polarizacijas aprékinus, neieklaujot
tajos kristalisko simetriju, un izmantojot hibrido PBEO funkcionali. Kontrolgjot Ir
koncentraciju ar superSiinas izm@ru un pieskirot superStinai dazadu ladinu, mes
parlikojam elektroniska cauruma izveidoSanas nosacijumus. Galvenais uzsvars ir
pieskirts elektronisko defektu lokalizacijai. Tapat, m&s aprakstam Ir ietekmi uz
struktiiras relaksaciju.

ZnO-embedded IrO2: a first-principles approach to electronic defects

Andrew Chesnokov?, Denis Gryaznov*, Juris Purans®, Alexei Kuzmin', Eugene Kotomin?,
Natalia V. Skorodumova®*
YInstitute of Solid State Physics, University of Latvia
“Max Planck Institute for Solid State Research,
*Department of Physics and Astronomy, Uppsala University
“Department of Materials Science and Engineering, KTH Royal Institute of Technology

Semiconductor and optoelectronic industries have been thoroughly studying zinc
oxide (ZnO) for several decades, yet it still has capacity to offer new insights into
material science. ZnO can trivially be made into n-type conductor. It has been shown
by measuring the Seebeck coefficient for thin films that Ir-doped ZnO can be p-type
conducting after concentration of Ir exceeds a certain threshold. In the present study
using the density functional calculations we verify whether explanation for this effect
can be attributed to oxygen interstitial defects.

To model this system, we have performed spin-polarized, symmetry-omitting density
functional calculations employing hybrid PBEO functional. We explore, by varying
the charge of a supercell, as well as controlling Ir concentration through supercell size,
the conditions for electronic hole formation. An emphasis is put on localization of
electronic defects. We also discuss effects of Ir on the lattice structure relaxation.
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Interfeisa-inducétas pjezoelektricitates palielinasanas (SrTiO3),/(BaTiOsz)m-m
superrezgi

Guntars Zvejnieks, Leonids Rusevics, Denis Grjaznovs, Jevgénijs Kotomins
Latvijas Universitates Cietvielu fizikas institiits

Mgs piedavajam detaliz€tus aprékinus no pirmiem principiem, lai pétitu
pjezoelektriskas ipasibas (SrTiOz)m/(BaTiO3)m-m heterostrukturas, izmantojot 3D
STOW/BTOm-m superrezga modeli. Balstoties uz eksperimentaliem datiem un grupu
teorijas analizi, m&s atradam divas iesp&jamas tetragonalas simetrijas telpiskas grupas.
Telpiskas grupas P4mm (#99) modela raksturiga ipaSiba ir atomu nobides [001]
virziena, kas lauj modelét feroelektriskas (FE;) nobides, bet P4 (#75) modelis bez FE,
nobidém atlauj skabekla oktaedru pret fazes rotaciju ap [001] virzienu, t.i.,
antiferodistorsas nobides (AFD;). Miisu aprékini demonstré, ka priek§ m/M<0.75
slanu attiecibam abiem modeliem ir lidzigas geometrijas un pjezoelektriskas
konstantes. Abi modeli paredz apm@ram 6-kartigu pjezoelektriskas konstantes es3
palielinaSanos salidzinajuma ar BaTiOj3 tilpuma veértibu, bet pie nedaudz atSkirigam
slanu attiecibam. Pjezoelektricitate palielinas koordingtu kolektivu FE, atomu nobizu
rezultata, kas rodas abos STO un BTO slanos un interfeisos un sasniedz maksimalo
vertibu, kad tetragonala faze kliist nestabila un transforméjas par pseido kubisko fazi.
Megs analiz€jam ar1 FE; un AFD; mijiedarbibu. Més paradam, ka pat viens vai divi
BTO slani var inducét FE, nobides STO slani attiecigi PAmm un P4 modelos.

Interface-induced enhancement of piezoelectricity in the (SrTiO3)/(BaTiOsz)m-m
superlattice

Guntars Zvejnieks, Leonid L. Rusevich, Denis Gryaznov, Eugene A. Kotomin
Institute of Solid State Physics, University of Latvia

We present the results of a detailed first principles study of the piezoelectric
properties of the (SrTiO3)y/(BaTiO3)m-m heterostructure using the 3D STO/BTOwm-m
superlattice model. Based on the experimental data and group theoretical analysis, we
deduce two possible space groups of tetragonal symmetry. The characteristic feature
of the space group P4mm (#99) model is atomic displacements in the [001] direction,
which allows us to simulate the ferroelectric (FE;) displacements, whereas the P4
(#75) model besides FE, displacements permits oxygen octahedra antiphase rotations
around the [001] direction and thus antiferrodistortive (AFD;) displacements. Our
calculations demonstrate that for m/M<0.75 layer ratios both models show similar
geometries and piezoelectric constants. Both models predict an approximately 6-fold
increase of the piezoelectric constant es3 compared to the BaTiO3 bulk value, albeit at
slightly different layer ratios. Piezoelectricity arises due to the coordinated collective
FE; displacements of atoms in both STO and BTO slabs and interfaces and reaches its
maximum when the superlattice approaches the point where the tetragonal phase
becomes unstable and transforms to a pseudo-cubic phase. The interplay between FE,
and AFD; displacements is carefully analyzed. We demonstrate that even a single or
double layer of BTO is sufficient to trigger FE, displacements in the STO slab, in
P4mm and P4 models, respectively.

The financial support of LZP-2018/1-0147 grant is greatly acknowledged.
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(La,Sr)MnOgs katoda virsmas terminaciju ietekme uz ta elektronisko struktiiru

Jurijs Mastrikovs, Jevgenijs Kotomins, Andrejs Cesnokovs
Latvijas Universitates Cietvielu fizikas institiits

Aprekinatas no pirmajiem principiem skabekla vakancu un adsorbéta skabekla
koncentracijas tiek analiz€tas un salidzinatas (La, Sr) MnOj kurinama elementa
katoda materiala polarajam (La, Sr)O un MnO; (001) terminacijam. Abi daudzumi ir
loti atkarigi no vid€ja Mn oksidacijas stavokla (La/Sr attieciba). Planas simetriskas
platnés svariga loma ir ar7 katjonu nestehiometrijai, kura maina vidéjo Mn oksidacijas
stavokli. (La, Sr) O terminacija virsmas skabekla vakancu koncentracija ir vairak neka
5 pakapes mazaka, salidzinot ar MnO; terminaciju. Tiek noteiktas vakances un
adsorbéta skabekla migracijas energijas, ka arT adsorb&to molekularo skabekla veidu
disociacijas barjeras. Adsorbéta skabekla atoma un virsmas skabekla vakances
nejausa sastapSanas tiek identificéta ka skabekla piesaistes reakcijas atruma
noteicosais faktors. Ta ka atomu un molekulara skabekla adsorbcijas koncentracijas
palielinaSanos ierobezo tipiskais piesatinajuma ltmenis diapazona ap 20% uzladétiem
adsorbatiem, tiek prognozéts, ka kopé&jais skabekla piesaistes atrums (La, Sr)O
terminacijai bils ieverojami mazaks.

The effect of (La,Sr)MnQOj; cathode surface termination on its electronic structure

Jurijs Mastrikovs, Jevgenijs Kotomins, Andrejs Chesnokovs
Institute of Solid State Physics, University of Latvia

The results of first principles calculations of oxygen vacancy and oxygen adsorbate
concentrations are analyzed and compared for the polar (La,Sr)O and MnO, (001)
terminations of (La,Sr)MnOs; fuel cell cathode materials. Both quantities strongly
depend on the average Mn oxidation state (La/Sr ratio). In thin symmetrical slabs, the
cation nonstoichiometry also plays an important role by modifying the average Mn
oxidation state. The surface oxygen vacancy concentration for the (La,Sr)O
termination is more than 5 orders of magnitude smaller when compared to the MnO,
termination. The vacancy and adsorbed oxygen migration energies as well as the
dissociation barriers of adsorbed molecular oxygen species are determined. The
encounter of adsorbed atomic oxygen and surface oxygen vacancy is identified as the
rate determining step of the oxygen incorporation reaction. Since the increase of
atomic and molecular oxygen adsorbate concentration is limited by the typical
saturation level in the range of 20% for charged adsorbates, the overall oxygen
incorporation rate is predicted to be significantly smaller for the (La,Sr)O termination.
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